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I. EXECUTIVEUMMARY

Introduction

Anaheim Public Utilities (APU) operates a
consumemwned vertically integrated electric
utility, which has the privilege and obligation to
reliably serve electricity customerslocated within
its 50 squaremile serviceterritory. Assuch,APUis
responsible for planning adequate power
generation resourcesto reliably meet customer
demand for electricity after making adjustments
for i) customerenergyefficiencysavingsji) added
energydemandfrom electric vehicles(EV),and iii)
reductions from  customerowned power
generation (e.g. rooftop solar), all while
consideringsustainabilitypolicy goalswhich call for

APUisresponsibldor planningadequate
powergenerationresourcego reliably
meetcustomerdemandfor electricityafter
makingadjustmentgor i) customerenergy
efficiencysavingsji) addedenergydemand
from electricvehicleqEV)andiii)
reductionsfrom customermwnedpower
generation(e.g.roof top solar),all while
consideringsustainabilitypolicygoals
whichcallfor reductionsin greenhouseas
(GHGEmissions.

reductionsin greenhousegas(GHGemissionsAsa

not for profit utility, APUalsoconsiderghe impact

of resourceadditionson customerrates. Thefollowing graphicshowshow APUbalancesadjustmentsto
customerenergydemandandsustainabilitygoalsto developanintegratedresourceplan (IRP).

The IRP servesas a longterm comprehensiveroadmap to continue APU’slong standing focus on

customersby balancingthe demandand supplyside factors of the electric utility. The IRPprovidesa

frameworkshowinghow APUwill transition awayfrom carbonintensiveresourcessuchascoal,to clean
renewableresourcessuch as wind, geothermal,biogas,small hydro and solar. Thisalignswith APU’s
GHGemissionreductiontargetsandisin accordancevith the State’spolicygoalsrequiredby SenateBill

(SB)350,includingthe requirementto establishan IRPby Januaryl, 2019.

ThelRPprocesscommencedn early 2017 with customeroutreachefforts, which playedan important
role in APU’sselectionhereinof the optimum power generationresourcemix to reliably servecustomer
demandwhile meetingthe goalsestablishedn the IRP.Customerfeedbackindicatedbroad supportfor

AnaheimPublicUtilities
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APU’'sresponsibletransition awayfrom carbonintensiveenergyresourcedo anincreasedorocurement
of renewableenergyresourcessupplementedoy cleanerburningresources.

Assessmenbf CustomerEnergyDemand

APUusesa statisticalmodel to forecasta baselinecustomerenergydemand,which is adjustedup or
down based on i) planned customer additions, ii) expected electric vehicle usage, iii) estimated
customerowned rooftop solar installations,and iv) expectedcustomer energy efficiency reductions.
Basedon the resultsof this modeling, APUexpectsa cumulativereductionin customerenergydemand
of 0.86 percentbetween2018and 2030,whichis effectivelya zerogrowth energydemandforecast.In
summary,this zerogrowth forecastis primarily the result of simultaneous,opposingdynamicsof i)
expectedsystemexpansionand EV growth that increaseenergydemandbeing offset by ii) customer
solar installation and energy efficiencyreductionsthat reduce energy demand. The following graphic
showsthe variousadditionsand subtractionsto the baselineenergydemandforecast.

CumulativeAdjustmentsto BaseEnergy

BaseEnergyDemandForecast

' 80 DemandForecasi(20182030)
+EnergyDemandAddition 30 I I I I
_ < cannnill il
*SystemExpansion o
*EV Penetration (20)
rEnergyDemandReduction (70)

«Solarlnstallation

«EnergyEfficiency (120)

mmm EnergyEfficiency
SolarPV
= Adj Ener man mmmmm EVAdoption
dJUSted € gyDe and mmmmm PlannedExpansion
Cumulativelmpacton EnergyDemand

Forecast

Transitionto CleanEnergyResources

In planningto servethe customerenergydemandforecastestablishedabove, APUmust considerits

existingpower generationresourcemix and plan the resourcechangesecessaryto meetits reliability
and sustainabilitygoalsoutlined in the IRP AlthoughAPU’scurrent resourcemix is adequateto reliably
servethe zerogrowth energydemandforecast,it currentlyincludesa significantamountof coalenergy.
APUrecognizeghe importanceof havingreliable, sustainable and costeffective electricity suppliesto

drive the regionaleconomy,supportresidents businessesschoolsandvisitors,aswell asprotectingthe

local environment.Carbondioxideis the primary GHGassociatedwith electricity generation. APUhas
been steadily transforming its electric power supply portfolio since 2003 through increased
procurementof renewableresourcesand acceleratinghe exit of coalownershipagreementsand other

contractualobligations.

At the end of 2017, APUfully divestedof its ownershipinterestin the SanJuanGeneratingStation(San
Juan),a coalfired generatingplantlocatedin New Mexico.OnceAPU’sexit of the IntermountainPower

AnaheimPublicUtilities
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Project(IPP)contractin mid 2027is complete,its power supplyportfolio will be 100 percentfree of coal
resources.Transitioningaway from coal resourcesand replacingthem with clean renewable energy
resourceaultimately provedto be the optimum resourceportfolio, asfurther describedin SectionVIl of
this IRP.

These renewable energy resource
additions, along with APU'’s support for
accelerating transportation electrification,
will reduce APU’'sGHGemissionsby more
than 70% below 1990 emissionlevels by
the year 2030; significantlyexceedingthe
State’s overall target of 40% below 1990 Y€ar2030.
emissionlevelsby 2030.

Thedivestiturefrom coalenergy,alongwith the
supportfor acceleratingransportation
electrification,will reduceAPU'SGHGemissiondy
morethan 70%below1990emissionevelsby the

APU’sCurrentPowerResourcaVlix

APU’scurrent power resourceportfolio consistsof a diversemix of generationresourceswhich provide
highreliability, stableprices,andis comprisedof roughly30%renewableenergyresourcesThediversity
alsoprotects APU'scustomersfrom contingenciesuchasfuel unavailability fuel price fluctuationsand
changesn energypoliciesthat candrive up the costof a particularfuel.

2018RESOURGHX
Small
Renewable
Hydro
29% Ll — g%
Solar
<1%
Coal
LargeHydro __¢ 34%
2% —

RenewableEnergyResourceProcurementPlan

On February28, 2017, the City CouncilapprovedAPU’slatest renewableenergyresourceprocurement
and enforcement plans, which expandedthe procurementof renewable energy resourcesto serve
Anaheimelectriccustomersfrom 33%to 50%renewableenergyby 2030, consistentwith the mandates
of SB 350. SB 350 also requires that utilities incorporate current renewable energy resource

AnaheimPublicUtilities
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procurementplaninto IRPgyoingforward. ThisIRPincludesAPU’smostrecentupdateto its renewable
energy resourceprocurementplan, which is in accordancewith the 50%renewable energy by 2030
target previouslyapprovedby City Council. Thefollowing graphicshowsthe optimum renewableenergy
resourceprocurementplanthat will serveasa target for compliancewith the RPSequired by Statelaw

by 2030.

LargeHydro
2%

Natural Gas
21%

2030RESOURQAEX

Solar

...................... — 15%

The IRPalso updatesthe cost limitation methodologyusedto prevent a disproportionateimpact on
customer electric rates causedby a significantincreasein costs associatedwith the procurementof

renewableenergyresources.

The State’sRPS3aw permitsthe localgoverningboard
of eachPubliclyOwnedUitility (POU) suchasAPU to
implement a cost limitation for its RPSactivities. All
versionsof the RPSPolicypreviouslyapprovedby City
Councilincluded a cost limitation provision for the
protection of APU customers. This cost limitation
methodologyis now outdated sinceit wasbasedon a
2010 base year and a 33% RPS,which has been
mandatedby the Stateto increaseto 50%by 2030.As
part of this IRP APUis highlightinghow it will procure
new renewable energy resourcesin a manner that
does not causean increasein overall power supply

costsgreater than $0.01 per kilowatt hour in any fiscal year, which representsa 10% increaseover
current power supplycostsor approximatelyfour timesthe expectedrate of generalinflation in a single
year,andis consideredo be anundueburdenon customers.
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Balancingthe RenewabledPortfolio

APU’'srenewableportion of its overallpower resourcemix consistsmainly of baseloadrenewablessuch
as geothermal, landfill gasand biofuels. Thesebaseloadresourcesoperate continuouslyaroundthe r
clock and are not dependenton favorable weather conditions unlike intermittent resourcessuchas
wind or solar power generation.The consistencyand reliability that comeswith baseloadrenewables
has historically also come with a premium price. To maintain competitive rates for APUcustomers,
Anaheimexploredaddinglessexpensivantermittent resourceso balanceits renewableportfolio in its

planto transition out of coaland procurefrom 30%to 50%renewableenergyby 2050. Thefollowing

graphicsshowthe three resourceportfolios analyzedprior to selectingthe optimum resourceportfolio

andthe overallresourcemix plannedto be reachedby 2030:

BaseloadPortfolio:
85%Baseload

IPPCoal 15%lntermittent

Replacement

Mixed Portfolio:
81%Baseload
19%Intermittent

VariablePortfolio
(Optimum):
68%Baseload
32%lntermittent

A productioncostmodelinganalysisvasusedto comparethe
overallpower supplycost of APU’sexistingresourcesplusany
new resourcesconsideredor eachportfolio. Inadditionto the  Underthe VariablePortfolio,
expectedcost of each portfolio scenario,the following five  ApUwill achievea diverseand
factors were also consideredin determining the optimum low emissiorresourceportfolio
portfolio: Compliance,RegulatoryRisk, ResourceAdequacy, that meetsRPSind GHG
Portfolio Diversification,and FinancialExposure The Variable
Portfolio outperformed the other portfolios under both
expected conditions and stress tested conditions, such as
extreme heat, extreme carbon pricing, extreme fuel price
volatility, and extreme high or low energy efficiency, solar  affordableelectricrates.
penetrationandelectricvehiclepenetration.

reductiongoals,achieves
resourceadequacyandlocal
reliability,and maintains

Under the recommendedVariable Portfolio, APUwill achievea diverse and low emissionresource
portfolio that meetsthe RPSand GHGreductiongoals,achievesesourceadequacyand localreliability,

and maintainsaffordable electric rates. The following graphicshow that the VariablePortfolio causes
the lowestoverallincreasein power supplycosts.
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New Power SupplyOptions €ostComparison
$345,000
$325,000
$305,000
$285,000 /
$265,000
$245,000
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Thousands

VariablePortfolio Mixed Portfolio

BaseloadPortfolio New NaturalGasPlant

*Net powersupplycostsexcludegransmissiorand wholesaleenergyrevenues

APU’sresourceportfolio will be coalfree by mid 2027, and at a minimum, 50% of APU’selectricity
deliverieswill come from renewable energy resources.Basedon current law and draft regulations,
APU’soptimum resourceportfolio under this IRPwill achievethe upper bound of the proposedGHG
reductiontarget range (77%GHGreduction). However,the GHGreductiontarget for POUss currently
under developmentby the CaliforniaAir ResourcefBoard (CARBand may ultimately be 77%to 87%
below 1990 levelsby 2030. If the final regulation requiresthat APUachievethe lower bound of the
target range (87% GHGreduction), that target level could not be achievedwithout significantcost
impactsto APUand its customers.If CaliforniaAir ResourceBoard (CARBjvere to indeed adopt the
more stringent87%GHGreduction target it would require the shutdown, or “stranding,” of a reliable
and efficient baseloadnatural gasresourceMagnoliaPower Plant, which has 20 yearsof unavoidable
debt service costs that would still need to be paid by APU customersin addition to replacement
renewableresources APUis closelyfollowing relevantregulatory proceedingsand will work with the
CARBand CECto recommend methodologiesto further reduce APU carbon emissions,such as
accountingfor the effect of electricvehicle(EV)penetrationon emissionreduction.

APUGHGEmMmission BystemEnergyDemand
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APUEmission  seesee APUEmMIssiont EVEmissiorReduction
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ProjectedEffecton CustomerRates

APUstrivesto find resourceghat are costeffectiveand minimize
rate impacts on customer utility bills, while still meeting its  Byresponsiblydivestingof its
complianceobligationsfor increasedrenewablesand lower GHG  coalassetsand utilizingits
emissions By responsiblydivestingof its coal assetsand utilizing  peakingresourcego integrate
its peaking resourcesto integrate more renewable purchases, morerenewablepurchases,
APU has been able to maintain affordable electric rates. The  Aphasbeenableto maintain
following graphic shows the expected net power supply cost
forecastfrom 2019 through 2030 basedon the recommended
VariablePortfolio and the expectedconsumptioncase.Suchnet
power supplycostsare expectedto increasean averageof 1.34%
per yearfrom 2019to 2030, whichis lessthan the expectedrate
of inflation overthe sametime period.

affordableand competitive
electricrates.

,» $350 Net Power SupplyCost2019 2030
c
o
= $300 — Renewableg. Storage$60Mto $76M ——— T
= $253 J_.“",”““,.oOnoOoo. $02‘91
$250 ..............'°"'°'°"‘"'0---o...oooooooonoc""""...
$200 . _____________________ Market Purchases $9b $62M
Averagel.34% :
$150 . annualincrease :

Thermal$151Mto $78M

$100 ---- - R R

$50
0 M . —_—
50
. Total TransmissiorCost SchedulingCoordinatorCosts mmmmm Conventionalnit FixedCosts
Unit VariableCost Unit FuelCost DebtServiceCost
WholesalePurchaseCost Renewabld.ongTermPPACost mmmmmm RenewableShortTermPPACost
1 TotalWholesaleRevenue {100 Total TransmissiofiRevenue eeeeee TotalNetCost

Giventhe largeamountof reliablebaseloadenewableresourcesn APU’portfolio, ascomparedto the
smallamount of intermittent solar and wind resourcesthe costto support and backupintermittent
renewableresourcesattributed to APUby the CalifornialndependentSystemOperator (CAISOhas
remainedrelativelylow to date. However to mitigate future renewableintegration costs,APUcurrently
hasplansto adda 1 MW energystoragepilot project by December31,2021and an additional10 MW of
energystorageby December31, 2026, if the pilot project provesto be costeffective. Energystorage
technologiesinclude batteries and other systemsthat are able to store power for later use in a
controlledmanner.
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LocalReliabilityand Air Quality

Of APU’sapproximate 700 MWs of generation capacity,240 MWs are located within the City. The
Canyonand KraemerPower Plants provide flexible power generation capability, known as resource
adequacycapacity,nearthe Anaheimload center,includingblackstart capability,which enhancedocal
and statewide reliability. The power plants use cleanburning natural gas fuel, include air emission
controlsto further reduceair pollutants that causesmog, have much lower GHGemissionsthan coal
resourcesand operate as flexible peakingunits to supportthe morningand eveningrampingneedsof
the power grid and backupfluctuationsin solaroutput dueto weather.

Accordingo arecentAPUcustomersurvey,95%of the respondentdndicatedthat they haveacceptable
to excellentair quality near their home, and 89% of the respondentsindicate the air quality has
improved or stayedthe sameover the past few years. Theserespondentsmainly attributed any air
quality concernsto traffic and emissionsfrom mobile sources,and none attributed it to APU’slocal
powergeneration.

To improve local air quality and support sustainability
goals, APU facilitates and promotes transportation
electrification through electric vehicle time of use
rates, rebate incentivesfor public accessand private
usechargingstations,and the electrificationof utilities
field servicesvehicles APUalsosupportsandfacilitates
the installation of fastcharginginfrastructure to be
used by visitors and residentswithout home charging
facilities, which helpsto remove fossil fueled vehicles
from the road andimproveslocalair quality.

In addition, APU supported customerowned solar
distributed generation by fully implementing the
SenateBill (SB)1 solarinitiative rebates.To date, over
28,000 totaling 26 MW of customerpwned solar
systemshavebeeninstalledin Anaheim APUcontinues
to expand clean local distributed generation through
utility owned solar projects. As an example, APU is
installingand will maintain 1.5MW solar carportsand
lunch shelters at nine public schools throughout
Anaheimthrough its Solarfor Schoolsprogram,and is
expectedto continue adding solar school facilities in
future years.

AnaheimPublicUtilities
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Programsfor the LowIncomeand DisadvantagedCommunities

APUhasa tradition of helpinglow incomecustomersuseenergyefficiently to reducetheir electrichbills,
and APU has historically provided rate discountsto incomenqualified seniors, military veteransand
disabledcustomersMore recently, APUhasimplementedprogramsto addresshe needsof its incomer
qualified customers consideringthat the 2015 U.S. Censusshows that nearly 58% of Anaheim
householdsare under the low income designation.Additionally, APUhas incorporated programsthat
assist‘disadvantageccommunities(DAC),"asdefinedby SenateBill 535 (DelLedn)and the most current
versionof CalEPA’€aliforniaCommunitieEEnvironmentaHealthScreeningrool (“CalEnviroScreen”).

The CalEnviroScreeconsidersareapollution exposurelevelsin addition to incomeand unemployment
levelsto determinewhich areasare disadvantagedHowever, APUprogramsserveexpandedDACareas,
which include low income areasdefined by the Departmentof Housingand Urban Developmentas
CommunityDevelopmentBlock Grant (CDBGhreas. The following map illustratesthis expandedDAC
areaservedby APUDACprograms:

Toensureenergyefficiency transportationelectrificationand renewableenergyis accessibléo the low

income and disadvantagedcommunities (LIDACs) APU offers program incentivesand works closely
with other City departments including Planning
and Building, Public Works, Community Services
and Community and EconomicDevelopmentto
serviceLl DACcustomers Someexamplesnclude:

% Offering rebates for enhanced energy
efficiency and publicly accessibleEV charging
stations located at schools and Affordable
Housing Developments. The public access EV
rebate programis funded by proceedsfrom the
California Low Carbon Fuel Standard (LCFS)
program.

% Actively seeking grant opportunities to
support EV chargingstations and shadetrees for

AnaheimPublicUtilities
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Y

Y

Y

Y

Y

qualifyingcommercial,industrial, and residentialprojects and multi family developmentsnear
freewaysandwithin LIDACs.

Transitioningto LEDstreet lights and partneringwith the
Southern California Gas Company to offer no cost
weatherizationserviceghat are frequently locatedwithin
LIDACs.

ProvidingEVchargingstationsat park siteswithin LIDACs
throughgrantfundingopportunities.

Providing customer education and outreach on energy
efficiency and incomenqualified programsat community
meetings.

Hostingcommunity outreach eventswithin LIDACareas,
specifically promoting sustainable resources and
conservatiorprograms.

Developingan incomenualified solar discount program

that integrateswith the Solarfor Schoolssnergyproductionto allow householdgo receivebill
savingswherethesecustomeranay otherwisenot be ableto accessolarbenefitsbecausehey
are livingin multi family dwellings.

APU’dow incomeenergydiscountis offered to seniors,military veterans,and disabledcustomerswho
meet specified income thresholds. Low Income Home Energy AssistanceProgram (LIHEAP)s also
availablefor customersneedingadditionalbill assistance.

Data analyticsis utilized to maximize LIDAC residents’ participation in efficiency programs. As an
example,a significantmajority of the customerswho participate in the Home Utility CheckupProgram
arewithin LIDACsasillustratedin the following map below. APU’swveatherizationprogramis therefore
enhancedthrough the Home Utility CheckupProgram.Eligiblecustomersapplyingfor the Home Utility
Checkupare alsopre gualifiedfor free weatherizationinstallations.

AnaheimPublicUtilities
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APU’sdata analyticsshow in the map below that residential solar rebates were evenly distributed
throughout APU whichis partially attributed to the incomegualifiedsolarincentivesoffered at a higher
rate. In addition, 8 out of the 9 Solarfor Schookitesare locatedin LIDACs.

CustomerSupportof IRPApproach

The VariablePortfolio, recommendedby this IRPas the
optimum portfolio, is also closely aligned with the
preferences of APU customers, as evidenced by a
customersurveyconductedin late 2017.

As a customerowned electric utility, APU actively
solicited input from customersand received responses
from approximately 1,200 residents and businesses
through online surveys,phone interviews, and outreach
events. Survey respondents overwhelmingly expressed
high satisfactionwith APUservices.Customersindicated
that they are likelyto contactAPUfor adviceon solarand
other distributed generation,and feel that APUwill offer
fair andbalancedadvice.

CustomerSurveyQuotes

“Goodfor the environmentand our kids’
future!”

“Protectthe planet.”

“As acommunity,we needto reduce
greenhousegasemissions.”

“Reducingcoalusagehelpskeepingair
pollution low.”

“Renewablesnergyis the future.”

In 2016, CaliforniaMunicipal Utilities AssociationCMUA)conducteda statewide customersatisfaction
survey that reached nearly 1,400 residential customers. In comparisonto the CMUA municipal
customerssurveyed APUcustomersexpressed significantlyhigher overall customersatisfactionwith

APUservices.
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%of Very SatisfiedCustomers

74%
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55%
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2017APUResidential 2016CMUAResidential

Customersalso expressedhigh support of the IRPapproachto eliminate coal resourcesand reacha
renewableenergytarget of 50%by 2030.

Supportof IRPApproachby AnaheimCustomers

8.8
100% 8.1 6 10.0
80% 8.0
60% 6.0
40% ey 82% 4.0
0 0
20% 4% 2.0
0% 0.0
Residential Smatb MediumBusinesses Lardggusinesses

mmm % of VerySupportiveCustomergScores8 .0in a Scaleof 0 4.0)

AverageCustomeirScore

In addition to the customersurvey,in March 2018 APUheld community eventsat public locationsin
each of Anaheim’ssix council districts, at which a summary of the IRP was presented, including
greenhouse gas reductions, phasingout of coal resources, 50% renewable portfolio standard,
transportationelectrification,localsolarprojects,and energyefficiency.

ExecutiveOversightand GoverningBoard Approval

ExecutiveOversight

ThelRPdevelopmentis guidedby an ExecutiveOversightgroup consistingof the following members:

GeneralManager

AssistaniGeneralManager— PowerSupply
AssistaniGeneralManager— ElectricServices
AssistaniGeneraManager— Financeand Administration
ChiefRiskOfficer

O O O O O

DuringIRPdevelopment,quarterly meetingswere held to discussAPUpolicy, guidingprinciplesand key
componentsof the IRP.Staffreceivesdirection and supportfrom the ExecutiveOversightgroup on all
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aspectsof the IRP particularlythe crossdepartmentalefforts suchastransportationelectrificationand
programsandresourcegargetedfor the low incomeanddisadvantagedommunities.

Boardand CouncilApproval

ThisIRPand future updateswill be presentedto the PublicUtilities Boardfor their considerationand
recommendatiorto the AnaheimCity Councifor approval.

ThePublicUtilities Boardis madeup of sevenAnaheimresidentswho are appointedto staggeredour r
year terms by membersof the AnaheimCity Council.Theirrole is to make recommendationsto the
AnaheimCity Councilon utility matters,including:

Annualcapitaland operatingbudgets
Renewablesnergyresourceoptions

Sourcef water and power supply
Waterandelectricrates

Waterand energyconservatiorand efficiencyincentives

O O O O ©

Followingthe Board'srecommendationfor approval,the IRPwill be presentedto the AnaheimCity
Councilfor approvalandadoption.

AnaheimPublicUtilities
Page20| 206



2018IntegratedResourcePlan
Il. APUFactSheet

II. APUFACTSHEET

DukkulLee

Utilities General
Manager

JanetLonneker

AssistanGeneral
Manager

ElectricServices

BrianBeelner
AssistaniGeneraManager
Finance& Administration

ElectricServiced-acts
AnaheimPublicUtilities operatesthe only
municipalelectricutility in OrangeCounty,
deliveringmore than 3.7 million megawatthours
to Anaheim's350,000residentsand more than
15,000businessesncludingmulti million dollar
tourism, sportsand manufacturingcustomers.

Revenuesk Expenditures
APU’dotal electricutility revenueis morethan
$458million ayear,andnet investmentin utility
plantsis $880million.

PowerUse

Residentiatustomersmakeup 85%of APU’gotal
customermeter base;however,nearly 75%of total
loadis consumedby commercialandindustrial
customers.

ResourceAdequacy

APUhasover 700 megawatts(MW) of generation
capacityfrom varioustypesof resources.The
recordpeakcustomerdemandof 593 megawatts
wasreachedon July14,2006.

1 TwoPlantsin AnaheimServiceArea
20nePlantin AnaheimServiceArea

GrahamBowen MichaelMoore

AssistaniGeneral AssistanGeneral
Manager Manager

PowerSupply Water Services

JanisLehman
ChiefRiskOfficer

PowerResources

3 naturalgasplants(in state')

1 coalplant (out of state)

1 largehydroelectricplant (out of state)
4 smallhydroelectricplants(in state)

2 solarphotovoltaicplants(in state?)

2 geothermalplants(1 out of state)

3 wind plants(1 out of state)

2 landfill gasplants(in state)

Distribution Infrastructure
Transmission220kV

% 1.2circuitmiles
SubiTransmissionp9kV

%, 32.9circuitmilesof overhead

Y 57.2circuitmilesof underground
Distribution, 12kVand lower, circuit miles

% Overhead-401primary,1,219secondary

% Underground- 709 primary,963

secondary

TransformerCapacity KVA

¥ 220kVto 69kV-1,808,000

% 69kVto 12kV-1,157,800

% 12kVto customer—1,633,671

13 Substations
19,902Streetlights
13,022Distribution Transformers
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| 1. PLANNINGSOALS

APU’smissionis to be an agile,customerfocused water and power utility operatingin an everchanging
world providingreliable, high quality, environmentallysustainable and competitivelypriced water and
power and deliveringthe maximum value to our customerowners in order to preserve Anaheim’s
health and prosperity. This IRP supports this mission by establishingresource planning goals of
sustainableesourceshighreliability,and affordablerates,includingthe following subgoals:

Sustainable High Affordable
Resources Reliability Rates

* 50%RPS * Resource » LowestExpected
e 40% GHG Adequacy Cost
Reduction * Portfolio » Managed
« Lowest Diversification Market Risk
RegulatoryRisk

A. SUSTAINABIREESOURCES

For more than two decadesAPUhas been a leader in

i) helpingits customersuse energywisely and efficiently

_ and i) transitioningto sustainablepower resourcessuch
aswind, geothermal,biogas,smallhydro, and solar. APU

currently serves 29% of its customer load from

renewable resourcesand in 2017 the Anaheim City

Council adopted a policy for APUto achieve a 50%

Cumulativedoublingof energy renewableportfolio standardby 2030, which are both in
efficiencysavingsby 2030 compliancewith Californiapolicygoals.

In 2006, AssemblyBill (AB) 32 establisheda statewide
GHG emissionsreduction target of 20% below 1990
levelsby 2020. Thisgoalwasrecently expandedby the
passageof SenateBill (SB)32, which establisheda statewide GHGemissionsreduction target of 40%
below 1990levelsby 2030.To help achievethe State'sGHGreductiongoals,GovernorBrownsignedSB
350, which establishedtargets for all Californiaelectric utilities, includingAPU,to increasethe use of
renewableresourcedo servecustomerloadto 50%by 2030.SB350alsoseta goalto doubleelectricity
andnaturalgasenergyefficiencysavingsstatewideby 2030.

PhaseOut of Coal

This IRPlays out a plan for APU’sresource portfolio to achieve Anaheim’ssustainabilitygoals and
complywith all of California’degislativeandregulatoryrequirements,includingthe following:

AnaheimPublicUtilities
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X Meet or exceedthe following Renewable$ortfolio
Standard (RPS)argets, as a percentageof retail
load:

Y, 33%by December31,2020;

% 40%by December31,2024;

Y, 45%by December31,2027;

¥ 50% by December31, 2030, and
eachyearthereatfter.

X Meet or exceed the GHG emissions reduction
targets establishedby the CaliforniaAir Resources
Board(CARB]Jor electric utilities, which contribute
toward a statewide GHGemissionsreduction goal
of 20%below 19901levelsby 2020, and 40%below
1990levelsby 2030. The GHGreduction target for
POUswhich is currently under development by

SustainableResources

50%RPS3s measureday percentof
renewableenergydeliveredto serveretalil
load.

40%GHGReductionis measuredoy
percentof GHGreductionof the total
generationportfolio.

RegulatoryRiskmeasureghe ability to
remaincompliantwith currentand
anticipatedfuture legislativeor
regulatorychanges.

CARBnay ultimately be 77%to 87%below 1990levelsby 2030.

X Meet or exceedthe energyefficiencytargets establishedby the AnaheimCity Councilfor APU
electricity customers,which contribute toward a statewide cumulative doubling of energy
efficiencysavingsin the electricity and natural gassector final end usesby 2030. The energy
efficiencytarget establishedfor APUby City Councilis currently a 1.1%reductionin electricity

salesperyear.

X Phaseout of all APUcoalresourceshy 2027.

Thesesustainabilitygoalsand reasonableRegulatoryRiskwere consideredin the developmentof the
power supply scenariosevaluated under this IRP.RegulatoryRisk measuresthe ability to remain
compliant with current and anticipated future legislativeor regulatory changes.The recommended
optimum portfolio is expectedto achieveall of thesegoalsandbe resilientto future regulatoryrisk.

B. HIGHRELIABILITY

High overall electric servicereliability is a key APUgoal consideredin the developmentof this IRP.
Overallelectric servicereliability is comprisedof i) high power supply reliability and ii) high electric

distribution systemreliability.

High power supply reliability is measured by two quantitative portfolio performance measures:

ResourceAdequacyand Portfolio Diversification.

1. ResourceAdequacyis measuredby the ability to achievean additional 15%capacityover the
forecastedsystempeakdemand,andto meetlocalandflexible capacityrequirements.
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2. Portfolio Diversificationis measuredby the different types of resources,fuel and contract
lengthswithin the portfolio, which increasedlexibility, reliability, and operationalperformance
of the overallportfolio.

While the power supply portfolio scenariosevaluated
under this IRP primarily considered power supply
HighReliability reliability (versus distribution system reliability), the

addition of customerowned distributed energyresources
(DER)suchasrooftop solar, fuel cells,and batteries, the

proliferation of electric vehicle charging infrastructure,
and increasedenergy efficiency measurescould have an

effect on electric distribution systemreliability; as such,
they were also consideredand addressedunder various
sectionsof this IRP.Therecommendedportfolio maintains
high power supply reliability through 2030 and beyond,
and the expectedeffect of the aforementioneddemandr
side factors were determinedto have no adverseimpact
on APU'’s high electric distribution reliability going
forward.

ResourcAdequacyis measuredoy the
ability to achievel5 percentabove
systempeakforecast,andto meet
forecastedocalandflexiblecapacity
requirements.

Portfolio Diversificationis measured
by the differenttypesandlengthof
resourcenvestmentwithin the
portfolio.

More specificallyregardingpower supplyreliability, APUoperateswithin the supply/demandbalancing
area of the CalifornialndependentSystemOperator (CAISO)and the CAISGs within the Western
Interconnectionof the United States,known as the electric “Grid.” The electric Grid interconnects
thousandsof power generationplants acrossthe 14 western statesand parts of Canadaand Mexico
usinga high voltagepower transmissiorsystem,and all of these generatorscollectivelyservecustomer
electricdemands By participatingin this interconnectedGrid system APUenjoysextremelyhigh power
supplyreliability becausethe lossof any singlegeneratordoesnot affect the delivery of electricity to

APUcustomersTherehasnot beenaregionalblackoutaffectingAPUsinceAugust1996,demonstrating
that APU’snterconnectionto the Gridservests customersverywell.

Tomaintainhighreliability the CAISGnd other Grid operatorsrequireload servingentities suchasAPU
to maintain adequate power generation capacity beyond that required to serveits own customers,
which is known as a “Resource Adequacy” requirement. CAISO’scurrent Resource Adequacy
requirementis 15%of forecastedpeakload. APUemploysa diversifiedportfolio of power generation
resourcesto complywith its ResourceAdequacyobligation,and maintaininga diversifiedand resilient
ResourceAdequacyportfolio was a factor in the evaluationof the power supply scenariosconsidered
underthis IRP.

In additionto maintainingResourceAdequacyto coverany unexpectedossesof power generation,the
CAIS@ndthe other balancingauthoritiesoperatingthe Gridalsoadhereto reliability and cybersecurity
standardsestablishedand monitored by the North AmericanReliabilityCorporation(NERCunder the
auspicesof the FederalEnergyRegulatoryCommission(FERC)APUis in full compliancewith NERC
reliability standardsandin 2014passedan audit of all applicableNERGtandardswith no violations.
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APUadheresto the CAISQariffs and BusinesrocessManualspertainingto the Gridtevel reliability

requirements.Thereliability requirementsand ResourceAdequacyprogramsprovide performanceand

deliverability criteria for generationresourcesrequired for eachload servingentity. APU’sresources
fully complywith the systemwide, local, and flexible ResourceAdequacyrequirementsestablishedby

the CAISOand the recommendedportfolio is expectedto maintain this reliability as APUphasesout

coalresourcesand addsrenewableresourcedo achievea 50%RPSAlso,to improvesystemresiliency a

diversified and flexible portfolio is consideredto minimize risks of unplanned facility outages
accompaniedvith acquisitionof resourcesvith complementarygenerationprofiles.

C.AFFORDABIREATES

Asa customerpwned utility, maintainingaffordable electric ratesis a key APUgoal consideredin the
developmentof this IRP.APUhas consistentlymaintainedelectric rates that are lower than adjacent
investorowned utilities, and the recommendedportfolio is expectedto help maintain affordablerates
throughoutthe planningperiod.

Section205 and Section206 of the FederalPowerAct stipulatethat “all rulesand regulationsaffecting
or pertainingto such[public utility] rates or chargesshall be just and reasonable.”State statute also
requiresthat the integratedresourceplan “enable eachelectricalcorporationto fulfill its obligationto
serveits customersat just and reasonablerates.” In addition, Article XI11C of the CaliforniaConstitution
requiresthat electricratesdo not exceedAPU'seasonablecostto provideelectricityto its customers.

Theoptimum (recommended)portfolio consistsof a balancedmix of renewableresourcesand ensures
high reliability, while at the same time maintaining affordable rates. APU’'SIRP processincludes
comprehensiveroductioncostmodelingto ensurethe resourceportfolio servingAPU'scustomerload
is met at the lowestpossiblecost.

The longterm resource planning processintroduces many

assumptionsand eachof them may deviate from the original

assumptions.A modeling“stresstest” isintroducedto ensure

the optimal portfolio outperforms the alternativesunder all ~ Affordable Rates

scenarios.In addition, the portfolio financial exposureis  ExpectedCostis measuredoy the
calculatedto evaluatemitigatingfactors. total costto supplypower.

Achievingaffordable rates is measuredby two quantitative ~Market Riskismeasuredoy the
portfolio performancemeasures:ExpectedCostand Market ~ Percentageof energypurchased
Risk Lowestexpectedcost is measuredby the total costto "0 the wholesalemarket,andthe
supply power, while Market Riskis measuredby percentage ~ POrtfolio’sability to withstand

of energy purchasedfrom the wholesale market, and the =~ Marketpricevolatility.

portfolio’s ability to withstand market price volatility.
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IV.KEYPOLICDRIVERBFFECTINGHEUTILITY

Californiais considereda leader in its many efforts to combat the effects of climate change.The
overarchinggoal of the State’sclimate changestrategyis to reduce statewide GHGemissionsto 40%
below 1990levelsby 2030. Toreachthis goal,the Statehasput forward severalkey legislativeactions
over the past severalyearsthat have a direct effect on how APUplansfor and managesits resource
portfolio now and into the future. APUis committed to reducingGHGemissionsby implementingnot
only the letter of state laws and regulations,but alsotheir spirit, which supports Anaheim’sgoal of a
more sustainableenvironmentfor future generations. In doing so, APU’dong term strategiesfocuson
strikinga balanceamongstnumerouslegislativeand regulatoryissuesand challengesvhile maintaining
affordableratesandreliableservicefor its customers.

Thefollowing table is a summaryof the Californialaws passedsince 2006 requiring electric utilities to
reduce GHG emissionsand increase the proportion of renewable energy in their power supply
portfolios:

Legislation Description

Companion to Cap-and-Trade

Establishes a groundbreaking program to measure and reduce air pollution from
mobile and stationary sources at the neighborhood level in the communities most
impacted by air pollutants. Requires the Air Resources Board to work closely with
local air districts and communities to establish neighborhood air quality monitoring
networks and to develop and implement plans to reduce emissions. The focus on
community-based air monitoring and emission reductions will provide a national
model for enhanced community protection.

Assembly Bill 617 (Christina Garcia, Chapter
136, Statutes of 2017

July 26, 2017

Cap-and-Trade Extension

Assembly Bill 398 (Eduardo Garcia, Chapter = Extends and improves the Cap-and-Trade Program, which will enable the State to

135, Statutes of 2017) meet its 2030 emission reduction goals in the most cost-effective manner.
Furthermore, extending the Cap-and-Trade Program will provide billions of dollars in
auction proceeds to invest in communities across California.

July 25, 2017

Greenhouse gas regulations

Assembly Bill 197 (Eduardo Garcia, Chapter

250, Statutes of 2016) Prioritizes direct emission reductions from large stationary sources and mobile
sources.

September 8, 2016

Greenhouse Gas emission reduction target for 2030

Senate Bill 32 (Pavley, Chapter 249, Statutes

of 2016) Establishes a statewide greenhouse gas (GHG) emission reduction target of 40
percent below 1990 levels by 2030.

September 8, 2016

Senate Bill 350 (De Ledn, Chapter 547, Clean Energy and Pollution Reduction Act of 2015
October 7, 2015 Statutes of 2015

Establishes targets to increase retail sales of renewable electricity to 50 percent by
2030 and double the energy efficiency savings in electricity and natural gas end
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uses by 2030.

Governor Edmund G. Brown, Jr. signed Senate Bill X1-2 into law to codify the
ambitious 33 percent by 2020 goal. SBX1-2 directs California Public Utilities
Commission's Renewable Energy Resources Program to increase the amount of
o electricity generated from eligible renewable energy resources per year to an
April 12, 2011 (Simitian, Chapter 1, Statutes = amount that equals at least 20% of the total electricity sold to retail customers in
of 2011) California per year by December 31, 2013, 25% by December 31, 2016 and 33% by
December 31, 2020. The new RPS goals applies to all electricity retailers in the state
including publicly owned utilities (POUs), investor-owned utilities, electricity service
providers, and community choice aggregators. This new RPS preempts the
California Air Resources Board’s 33 percent Renewable Electricity Standard.

California Global Warming Solutions Act of 2006. This bill requires Air Resources
Board (ARB) to adopt a statewide greenhouse gas emissions limit equivalent to the
statewide greenhouse gas emissions levels in 1990 to be achieved by 2020. ARB
shall adopt regulations to require the reporting and verification of statewide
September 27, 2006 (NGfiez, Chapter 488, greenhouse gas emissions and to monitor and enforce compliance with this
Statutes of 2006) program. AB 32 directs Climate Action Team established by the Governor to
coordinate the efforts set forth under Executive Order S-3-05 to continue its role in
coordinating overall climate policy.

See

Sourcehttp://www.climatechange.ca.gov/state/legislation.html

A.REDUCINGREENHOUSEAS(GHG)EMISSIONS

Thepassagef AB32in 2006requiresa statewidereductionin GHGemissiongo 1990levelsby the year
2020;effectivelya 30%declinein emissiongrom current statewideoutput. In 2016,SB32 expandedhe
statewideGHGemissiongeductiongoalto 40%below 1990levelsby the year2030. Tomeetthe AB32
and SB32 goals,APUbeganreducingits relianceon generationresourceshat produce GHGemissions
by transitioningfrom fossilfuel fired generatingresourcesto renewableresourcesand cleanernatural
gasgenerationtechnologies. The most significantcontribution that APUcan makein reducingGHGis
the reduction of energyresourcesthat produce GHGemissionsfrom its power supply.In addition to
GHG emission reductions from APU’s power supply, further GHG reductions will come from
complementaryefforts includingincreasedenergyefficiencymeasuresjocal solar, energystorage,and
transportationelectrification.

In July2015,APUdevelopedits first utility specificGreenhouseésasReductionPlanwith the purposeof
developinga clear and comprehensivdongterm strategicframeworkto reduce GHGemissions. The
Planidentifies a goalto reduce GHGemissionshy 20%below 1990 levelsby 2020,and a minimum of
40%below 1990levelsby 2030. It isimportant to note that the 40%r reduction below 1990levelsis a
statewide goal; however, Californiautilities will likely be called upon to do more. The CaliforniaAir
ResourcesBoard, in conjunctionwith CaliforniaEnergyCommissionjs in the processof developing
utility specificGHGreductiontargetsfor Californiautilities asprescribedthroughthe passagef SB350.
Thedevelopmentof utility specificGHGreductiontargetsis not expectedto be completedbefore the
adoptionof this IRP:however,APUis well positionedto meet GHGreductiontargetsbeyondthe current
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40%mainly as a result of increasedrenewablesprocurementand divestiture plansunderwayfor coal
resourceaundercontract.

APUachievedits goalof 20%below 1990levelsthrough the increasedenewablegenerationfrom 11%
in 2010to 33%o0f overallsalesin calendaryear2015. Further GHGemissiongeductionsare forecasted
to reachnear the 40%reduction target upon the divestureof the SanJuanGeneratingStationwhich
occurredat the end of 2017. As shownin Graph1, upon APU’sexit from the Intermountain Power
Projectin 2027, APU’soverall GHGemissionsfrom its power supply portfolio is expectedto reach
approximately70%below its 1990 emissionshy 2028 basedon projected GHGemissionsfrom any of
the portfolio scenariosanalyzedand discussedurther in SectionVII.

Graphl: APUGHGReductionTargets

B.INCREASINBROCUREMENDRRENEWABLEESOURCES

APUhassteadilybeenincreasinghe renewableenergycomponentof its resourceportfolio since2003.
In responseto SenateBill 1078,the AnaheimCity Counciladopted a renewableportfolio objectivein
July 2003 requiring APUto provide 15% of retail energy requirementswith energyfrom renewable
resourcesby 2017. Thatobjectivewas revisedby CouncilResolutionNo. 2006487 in August2006to
achievea target of 20%by 2015 as a result of AssemblyBill 1362, which acceleratedthe statewide
target to 20%by 2010. The passageof SBX12 in 2011lincreasedthe State’srenewablestargetto 33%
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by 2020,and wasfurther expandedin late 2015through the passageof SB350 which requiresAPUto
provide50%of its retail energysalesto customersfrom renewableenergyresourcedy the year2030.

The RenewablePortfolio Standard(RPS]Js a key element of the State’sstrategyto reduce statewide
GHGemissions. Today, APUdelivers nearly one third of its retail electricity salesfrom renewable
resources. APUis a fully resourcedutility, meaningAPU’sresourceportfolio has sufficient generation
capacityto servecustomerenergydemandand meet ResourceAdequacyrequirements. The State’s
increasing renewable energy procurement mandates create a challenge in balancing the costs
associatedvith the currentresourceportfolio with the addedcostsof further increasinghe renewable
energycomponentof the overallresourcemix. SectionVIlIfurther discusseshe effect of an accelerated
RPSalongwith strategiesto minimizecosts riskand maintainaffordableratesfor the customers.

C.TRANSFORMATIGN-THEREGIONAGRID

APUis a market participantwithin the CAISOwhich managesapproximately80 percentof California’s
electric grid and operates a competitive wholesale market. The CAISQs also responsiblefor Grid

reliability and efficiency.While California’sRP3s one of the more effective waysof loweringemissions
of GHGsjntegrating a significantamount of variable renewable energy resources,such as wind and

solar, into the physicalelectric power grid presents various challengesfor Grid reliability and the

stability of energymarkets.Asthe State’sshareof variablerenewableenergygenerationincreasesthe

needfor resourcesto respondto intermittent generationbecomescritical for grid operatorsespecially
whenthis is occurringon a minute by minute basis with changesn hourly, daily, and seasonapatterns

of variablegeneration.

Asa consequenceof the State’sRPSjncludingsolar generationinstalled by residentsand businesses,
the CAISQs dealingwith an oversupply of daytime electricity produced by solar generation.When

there is lessdemandfor electricity than there is supply, the result is a drop in wholesaleelectricity

prices; which in turn forces generationto shut down (or curtail) until the demand for electricity

increasedater in the day. Duringtimes of extreme energyoversupply,the CAISOnay need to send

market signalsthrough negativeenergypricing,resultingin generatorspayingother entitiesto take the

energy.Thiswill leadto additional costsif market participantsown generationthat cannotbe ramped

down due to technology constraints such as non dispatchablerenewablesor a minimum capacity
requirement.
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V.RENEWABLENERGPROCUREMENTLANANDENFORCEMENROGRAM

A.ELEMENTOFTHERPSPROGRAM

A.1.PROCUREMENRRGETS

PublicUtilities Code Section399.30(0),as amendedby SB350 (De Leon),directsthe CEQo establish
POU enforcement rules and proceduresfor the RPS.Unlessotherwise provided herein, all section
referenceswill refer to the CaliforniaCodeof Regulations,Title 20, Division2, Chapter13, Sections
32008208 (Regulation).Section 3204 of the Regulationrequires APUto adopt and implement a
ProcurementPlanto demonstratethat it procuresa minimum quantity of electricity products from
eligible renewableenergyresources,ncluding RenewableEnergyCredits(RECs)The CECthrough its
formal rulemakingprocess,adopted multi year CompliancePeriodsand procurementtargets for each
calendaryear (CY)through 2020. SB350 continuesthe samemulti year CompliancePeriod construct
and establishesa 50%RP 3y 2030. The CEGs scheduledio adopt the 2021 through 2030 Compliance
Periodand annualprocurementtargetsin 2018. Thecurrent and proposed(*) CompliancePeriodsand
procurementtargetsare outlined below:

CompliancePeriod CompliancePeriodTargets
(CP)
CP2 Totalrenewableprocurementfor CP2 mustbe equalto or greaterthan the sumof:

(CY2014Y2016) [(20%0f 2014retail sales)+(20%f 2015retail sales)+(25%f 2016retail sales)]

Totalrenewableprocurementof CP3 mustbe equalto or greaterthan the sumof:

CP3 ) . )
[(27%o0f 2017 retail sales)+(29%f 2018 retail sales)+(31%f 2019retail sales)+(33%
(CY2017CY2020) of 2020retail sales)]
*CP4 Totalrenewableprocurementof CP4 mustbe equalto or greaterthan the sumof:
(CY2021€Y2024) [(34.8% of 2021 retail sales)+(36.5%0f 2022 retail sales)+(38.3%of 2023 retail
sales)+(40%f 2024 retail sales)]
*CP5 Totalrenewableprocurementof CP5 mustbe equalto or greaterthan the sumof:

(CY2025€£Y2027) [(41.7%0f 2025retail sales)+(43.3%f 2026retail sales)+(45%f 2027retail sales)]

*CP6 Totalrenewableprocurementof CP6 mustbe equalto or greaterthan the sumof:
(CY20281CY2030) [(46.7%0f 2028retail sales)+(48.3%f 2029retail sales)+(50%f 2030retail sales)]

Complianceperiodsbeginningon and after Januaryl, 2031,shallbe three (3) yearsin
*Post 2030 length. Total renewable procurementin each three year complianceperiod must
meet an averageof 50%overeachcomplianceperiod.

AnaheimPublicUtilities
Page30| 206



2018IntegratedResourcePlan
V.RenewableéEnergyProcurementPlanand EnforcementProgram

A.2.PORTFOLIOONTENTATEGORREQUIREMENTS

PerSection3202(a)(2)anyrenewablecontractsexecutedafter Junel, 2010will be categorizednto one
of three portfolio content categories(PCCs)Thetable below describeshe types of resourceshat are
subjectto the PCdimitations, and the minimumsand maximumsallowedfor eachCompliancePeriod.
Anyrenewablecontractsexecutedprior to Junel, 2010are not subjectto the following PCQimitations:

Portfolio ContentCategorie{PCCs) PercentagRequirements
(Postdunel, 2010Procurement)

PCd.:

Energy or RECsfrom eligible resourcesinterconnected to a
transmissiometwork within the WesternElectricityCoordinating| CP2: Minimum of 65%
CouncilWECChhat:
CP3, and thereafter: Minimum of

0,
1. Hasits first point of interconnection within the metered 75%

boundariesof a California(CA)balancingauthority area;or

2. Has its first point of interconnection to an electricity
distribution system used to serve end users within the
meteredboundariesof a CAbalancingauthority area;or

3. Is scheduled into a CA balancing authority without
substituting electricity from another source. If another
source providesreal time ancillary servicesto maintain an
hourly import scheduleinto CA, only the fraction of the
scheduleactually generatedby the renewableresourcewill
count;or

4. Hasan agreementto dynamicallytransfer electricityto a CA
balancingauthority area.

PCC:

Energy or RECsfrom eligible resourcesinterconnected to a | CP2: Maximumof 35%
transmissionnetwork within the WECCthat must be matched
with incremental energy that is scheduledinto a CAbalancing| CP 3, and thereafter: Maximum of
authority area. 25%

PCG:

. i 0,
Energyor RECdrom eligible resourcesthat do not meet the CP2: Maximumof 15%

requirementsof PCQ or PCQ, includingunbundledRECs. CP3, and thereafter: Maximum of

10%
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B.PLANNINGANDPROCUREMENT

B.1.PLANNING\CTIVITIES

APU'sIntegrated ResourcegIR) divisionis responsiblefor managingAPU’senergyresourceportfolio
(both conventionaland renewable).To effectivelymanagethe overallresourceportfolio, IRdevelopsa
Power SupplyForecaston an annualbasis.When developingthis forecast, IR considersseveralfactors
including, but not limited to, an assessmenif the resource supply portfolio and a projection of
customer energy and peak demand requirements. This annual review resultsin a twenty (20) year
projection that includesall contractedprojects, potential projects,and other viable technologiesto fill
resourceneedsthat are required to meet CalifornialndependentSystemOperator (CAISOjeliability
requirements,aswell aslegislativemandates IRdeterminesits expectedrenewableprocurementneeds
by comparingits forecastedRP $rocurementquantity targetsto its forecastedenergydeliveriesfrom
its renewableenergyresourceportfolio, all of whichare key componentsof the PowerSupplyForecast.

IR takes the RPSprogram’s regulatory framework into account when planning for renewable
procurement,and meetsto discussits RPSequirementsand progresson a regularbasis.Thisprocess
includesa thorough analysisof project performance,as well as shortterm and longterm RPSheeds.
Other factors taken into considerationwhile conductingthis analysisinclude, but are not limited to:

renewableintegration costs,the risk of delayor failure associatedvith renewableresourcescontracted
or under consideration, transmission availability, developer experience, financial considerations
(includingthe ability of the developerto securefunding),technology(i.e.,newtechnologyersusproven
technology)andanyother factorsthat canpotentially delayor indefinitely postponea project.

IR’s objective is to identify renewable projects that are viable and costeffective, enhance APU'’s
resourceportfolio, and optimizeeachPCGn an effort to minimizeoverallcosts.

Statelaw requiresAPUto developthis Integrated Resourceslan(IRP)prior to January31, 2019. This
comprehensiveplan outlines APU’sactivitiesin order to meet a 50%RP 3y 2030and greenhousegas
(GHG)emissionreduction targets. It must also addressimpactson customerrates, energy efficiency,
systemreliability and the integration of variousdistributed energy resourceswithin the APUservice
area.ThelRPdescribesAPU’sstrategyfor effectivelymanagingts overallenergyresourceportfolio into
the future. Goingforward, the two componentsof the RPSolicy (i.e.,the RenewabldEnergyResources
Procurementand EnforcementPlans),will be incorporatedinto the IRP,which will be presentedfor
review and recommendationby the PublicUtilities Board,consideredfor approvaland adoption by the
AnaheimCity Councilandupdatedat leastonceeveryfive yearsthereafter.

B.2PROCUREMENDRIGINATION)

APU intends to demonstrate its progressin reaching its RPStargets in compliance with State’s
establishedRPSgoals; however, it is important to note that APUis fully resourcedand additional
resourceswill exceedthe retail salesneeds. PerPUC8399.15(a)"...in order to fulfill unmetlongterm
resourceneeds,the commissionshall establisha renewable portfolio standard...”(emphasisadded).
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APUhassufficientlong term resourceso meet anticipatedneeds. Futureresourceprocurementplans
will be basedupon load forecasts,any new power suppliesrequired, if any,to coverunmet needs,and
divestiture of existingcoal resources.Additionally, as a member of the CAISOAPUis mandatedto
procureresourcesdo meet115percent(115%)of its forecastedpeakdemandfor eachmonth to ensure
that more than sufficientresourcesare availableto meet customerloads.

To date in the third CompliancePeriod, IR executedfive (5) additional renewable energy contracts,
which includes 36 MW of solar energy sourced within California. APU’s procurement strategy
incorporatesboth near and longterm renewable power purchaseagreementsto meet the complex
requirementsof the RPSRegulation.

APUroutinely reviewsits procurementstrategyeverymonth, not only for meetingits RPSjoals,but to
also ensurethe reliability of its distribution system.In addition, APUevaluatesthe viability of energy
storage,demandresponse,and distributed generationresourcesto maintain grid reliability and meet
the State’soverallenergypolicygoals.
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C.STATU®FAPU'SRPSPORTFOLIO

C.1. PROGRESS TOWARD MEETING TARGETS

APUmet the CompliancePeriodl target of an average20% }i{s power from renewableresourcesand
its Compliance target of providingno lessthan 25%of its power from renewableresourcedy the end of
2016.APUisontrackto meetthe RPSarget of 33%by 2020.Planningactivitiesundertakenin 2017while
developingthe IRPincorporate a variety of renewable resourcesas a way to ensure continued
diversificationof the portfolio while progressingoward an aggressivgoalof 50%renewableshy 2030.

C.2.RENEWABLEESOURCEROCUREMENPLAN

AppendixA — RenewableProcurementPlanprovidesa detailed summaryof APU’'sRenewableResource
EnergyProcurementPlan.Thetable includesall grandfatheredand contractedresourcesaswell asany
contractsbeingactivelynegotiated. Thichartalso providegxpected RPS compliance percentagds
expenditures. Thalata is basedon actualdata for pastyearsand forecasteddata for all futureyears.
AppendixA may be revised,with the approvalof the GeneralManager,without further approvalby the
AnaheimCity Councilto reflect updatedRenewableResourcd’rocurementPlaninformation or data.

C.3.BANKINGFEXCESBROCUREMENT

Dueto the inconsistentnature of renewablesdevelopmentand energyproduction, there maybe years
when the APUexceedsits projected RPSargets. In order to preservethe investmentour customers
havemade,and will continueto make,in the developmentof theseresourcesthe legislatureand State
agencies recognizedthat the abilitio useany excess procuremémt future complianceis essential.
Pursuantto Section3206, the City Councilmay permit APUto accumulateexcessprocurement of
eligiblerenewableresourcesin one CompliancePeriodto be appliedto any subsequentCompliance
Period. APUintends to continue bankingany excessprocurement, as appropriate, and will use any
surplusto help satisfyits future RPSompliancetargetsin the most costreffectivenanner.

C.4. REPORTINRBEQUIREMENTS

APU s required to provide the CECwith documentation and reports, pursuant to Section 3207.

Compliancereports are due by July 1 after every CompliancePeriod; however, similar reports are

required annually for the CECto track each publicly owned utility’s progresstoward meeting RPS
targets.APUhasdemonstratedfull compliancefor the years2011r2013n its July2014compliancefiling

to the CECThesecondCompliancePeriodfiling coveringthe years20142016 wasfiled aheadof the
Julyl 2017deadline,andis awaitingverificationfrom the CEC.
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D.POTENTIACOMPLIANCEELAYS

D.1COMPLIANCEERIOR EVENTS

As discussedn SectionB.1. above,in planningits renewable procurementposition and needs,APU
accountsfor potential issuesthat could delay RPSompliance Unforeseencircumstancesn the future

may potentially hinder APU’sability to comply. Achievingrenewableenergygoalsis dependenton the

successfulperformance of renewable developersin meeting contractual obligations, completing
construction milestonesin a timely fashion, and achievingcommercialoperation. During Compliance
Period (CP)2, APUexperienceddelaysassociatedwith two renewable resource contracts; however,
shortterm renewable energy was purchasedto maintain compliance.The first contract delay was
causedby the developer’'sinability to securesite and fuel agreementsin a timely manner, and the

second contract delay was due to the difficulties the developer encountered with transmission
interconnection and permitting. To the extent delays and resource underperformanceoccur, the

amountof deliveredenergywhich APUcanrely uponto reachits goalsis reduced.

APU’'sforward procurement strategy includes the probability of circumstances,such as the ones
outlined above,occurring,and assuch,APUconsidersprocuringadditionaleligiblerenewableresources
above and beyond planned procurementto accountfor potential energy delivery shortfalls. Going
forward into the next CompliancePeriods,APUwill continue to considerall factors in the planning
procesghat mayhavean effecton its renewablegportfolio and delaytimely compliancewith the RPS.
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E.COSTIMITATIONS

E.1.BACKGROUND

TheState’sRP3aw permitsthe localgoverningboard of eachPOUto implement,at its solediscretion,a
costlimitation for its RPSactivities,consistentwith Section3206(a)(3). The City Council,in the manner
set forth in this and previousversionsof the RPSPolicy,hasimplementeda cost limitation in its RPS
Policyfor the protection of its customersand continuesto review its methodologyin coordinationwith
updatesto the ProcurementPlan.Previousversionsof the RPJolicyincludeda costlimitation basedon
a goalof 33%renewableshy 2020. APUis revisingthe costlimitation methodologyto accountfor costs
relatedto the increasedStategoalof a 50%RP 3y the year2030.

Through the approval and adoption of this IRP,the Anaheim City Councilis implementing a cost
limitation that relieson:

ThemostrecentProcurementPlan(whichis containedherein);and
Procurementexpendituresthat approximatethe expectedcost of building, owning or
operating eligible renewable resources,which does not include indirect expensesas
describedn Section3206(a)(3)(B)(3and

X Thepotential that someplannedresourceadditionsmaybe delayedor cancelled.

Thiscostlimitation meetsall of the requirementsof Section3206(a)(3).The costlimitation valuewhich
is containedhereinmaybe updatedon a periodicbasis.

E.2.SUMMARYOFCOSTIMITATIONELEMENTS

APU’'scostlimitation isintendedto reflect current marketconditions,addressany disproportionaterate
impactsto customers,and reflect the added costsof committing public fundsto additionalprojectsas
some are delayed or permanently removed from a construction queue. The analysisfor the cost
limitation is calculatedbasedon the most recent power supplyforecast. The City Council,in ensuring
that customersdo not facea disproportionateburden, hasthe authority to implementa costlimitation,
whichmayresultin the temporarysuspensiorof RPSomplianceactivities.

E.3.COSTIMITATIONTHRESHOLD

The City Councilhereby approvesand directs APUto implement the following RPScost limitation
thresholdto preventa disproportionatecustomerrate impact associatedwith the implementation of
StatemandatedRP $rocurementtargets:

In no eventshallthe costof procuringany new renewableenergyresourcescauseanincreasen overall
power supply costsgreater than $0.01 per kilowatt hour in any fiscal year during a 20 gear planning
horizon. A $0.01 per kilowatt hour increaseis consideredto be an undue burden on customersas it
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representsa 10%increaseover current power supplycostsin a singleyear, whichis approximatelyfour
timesthe expectedrate of generalinflation.

E.4.PROCESSORIMPLEMENTATION

APUcontinuouslymonitors its expenditurelevelsand will advisethe City Councilroutinely of its RPS
expenditures Belowis the processthat APUwill follow to advisethe City Councilwhenthe thresholdto
implementits costlimitation is met andthe directionit will take,asdirectedby CityCouncil:

1) APU Staff will advise City Council,via staff report, that the threshold for the cost
limitation has been reachedand will recommenda course of action for City Council
consideration.

2) City Council, at its sole discretion, may choose to implement the cost limitation
provisionanddirect APUto ceaseits activitiesrelatedto RPSompliance.

3) Throughthe direction provided by City Council, APUwill either ceaseits activities
relatedto RPSomplianceor continueits RPSomplianceactivities.

E.5.DETAIL®NCOSTIMITATIONFTHRESHOLD
Thissectionprovidesbackgroundon APU’sactions,whena costlimitation thresholdis reached.

1. DisproportionateRatelmpacts

APU forecasts RPSprocurement costs when developing the annual power supply
forecast. Theforecastprovidesa projection of supplyand demand,includingcosts,and
providesan estimationof anticipatedincreasesn costs.It is determinedthat renewable
procurementcoststhat exceedan increaseof $0.01/kWhwill causea disproportionate
burdenon customers.A $0.01/kWhincreases considereda disproportionateburdenas
it representsa 10%increaseover current power supplycostsin a singleyear, which is
approximatelyfour times the expectedrate of generalinflation. Thiscostlimitation is a
proactive measurewhich aimsto prevent undue economicconsequence®f the RPS
statute and Regulatioron customers.

2. ProjectsDelayedor Cancelled

Per Section3206(a)(3)(Cgost limitations caninclude “the potential that someplanned
resourceadditionsmaybe delayedor canceled.”

As discussedn detail in the ProcurementPlan, APUstaff contractsfor the required
amountof RPSesourcesto meet complianceobligations.However,issuesoutside the
APU'scontrol (i.e., permitting, financing of the project, interconnectionissues,cost
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projections,etc.) maydelayor indefinitely postponea project. Asa POU Anaheimmust
be selectivewhen enteringinto contractsfor renewableprocurementasthesecontracts
are associatedvith financialobligationsandtie up publicfunds.Thecostof the delayor
indefinite postponement of any project should be included when determining
detrimentalrate impactsor calculatinganincreaseto power supplycosts.

3. OtherCircumstances

The City Councilmay chooseto implement additional cost limitations, consistentwith
the Regulatioruponthe occurrenceof, but not limited to, the following examples:

x Changeén the Regulation

In the event that the RPSRegulationis modified, there is a possibility that
contractedresourcesnaynot fully counttoward APU’sSRPSasanticipated.Thecost
of replacingthe lostrenewableenergythat wasexpectedto be deliveredfrom these
resourcegnustbe takeninto consideration.

X ForceMajeure

The occurrenceof a ForceMajeure event which adverselyimpactsthe delivery of
renewableresourcesandtherebyincreasefRPSompliancecosts.It is expectedthat
such ForceMajeure eventswill place an undue economicburden on Anaheimas
well asits customers.
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F.ENFORCEMENIROGRAM

WAIVERFORNONCOMPLIANCE

APUmonitorsits progressin reachingits RPSargetson a monthly basis,aswell asthrough the APU’s
annual budgeting process,subjectto the approval of budgeted expendituresby the City Councilas
recommendedby the PublicUtilities Board. The City Councilis responsiblefor enforcingthe RPSPolicy
throughthe EnforcementProgramandwill consideranyrecommendatiorby the PublicUTtilities Board.

Currentlaw authorizesthe City Councilto waive APU’scompliancerequirements,consistentwith PUC
§399.15(b)(5)and Section3206(a)(2)of the Regulation,if APUcan demonstrateany of the following

conditionsare beyondthe control of the utility, and will preventtimely compliance. The conditionsfor

waiver or delaying complianceinclude, but are not limited to the following (which may delay or

indefinitely postponea project):

1.

Inadequatetransmissioncapacity:[Section3206(a)(2)(A)(1)[Thereis inadequatetransmission

capacityto allow for sufficient electricity to be delivered from proposed eligible renewable
energyresourceprojectsusingthe current operationalprotocolsof the Californialndependent
SystemOperator (CAISO)City Councilinterprets this to mean the inability to bring eligible
renewableresourcesinto the CAISCQdue to transmissionlimitations. This includesinstances
where transmissionoutages may prevent renewable energy from entering into the CAISO
market. Thismay causeAPUto be out of compliancefor a CompliancePeriod. The City Council
hasthe authority to waive APU’'scompliancefor this instance.

Permitting, interconnection, or other circumstancesthat delay procured renewable energy

resource projects or insufficient supply of eligible renewable energy resources: [Section

3206(a)(2)(A)(2)].Examplesdnclude,but are not limited to, the following:
x Developmenti.e., permitting, financing,etc.): City Councilinterpretsthis to include

a renewable resource developer's inability to obtain financing, permits,
interconnection,or the rightsto build the project. Thismay causeAPUto be short of
compliancefor a CompliancePeriod. The City Councilhas the authority to waive
APU’scompliancefor thisinstance.

Operation(i.e., fires, accidents putages,etc.): City Councilinterprets this to include
any unforeseen circumstancespreventing the renewable resource from being
developedor delayingits output. Thisincludesoutagesat the renewable energy
facility. For example,if there is a wildfire, transmissionoutage, or facility outage
that preventsresourcesrom deliveringenergyinto the CAISGnay causeAPUto be
short of compliancefor a CompliancePeriod. The City Councilhasthe authority to
waive APU’scomplianceor this instance.

RegulatoryDelays: City Councilinterprets this to include instanceswhere State
agencies delay timely requests by APU for registering renewable resources,
certifying renewable resources, and accepting renewable resources into its
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renewable portfolio. In addition, these also include changesto State mandates,
which may lead to a delayin compliance. The City Councilhasthe authority to
waive APU’scompliancefor this instance.

3. Unanticipatedcurtailmentto addressneedsof a balancingauthority: [Section3206(a)(2)(A)(3)].
City Councilinterprets this section to include the CAISCdirecting a renewable resource to
modify their energyobligations,due to the needsof the balancingauthority. Thismay cause
APUto be short of compliancefor a CompliancePeriod. The City Councilhasthe authority to
waive APU’scompliancefor this instance.

APUwill monitor its progressin reachingits RPStargets; however, as listed above, there may be
circumstanceshat prevent APUfrom procuringrenewableresourcedo meetits RPSargets. In suchan
instance, APUwill request City Councilauthority to approve a waiver of compliance,consistentwith
Section3206(a)(2).
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VI.ENERGDEMANDANDPEAKFORECASTS

Integrated resourceplanningis the processin which APU evaluatesa multitude of supplyside and
demandside resourcesto meet customer energy needsin an efficient, cost effective, and reliable
manner. Traditionallythis integrated resourceplanningactivity was primarily to ensurethat all costr
effectivedemandsideresourceswvere deployedprior to commitmentto new supplysideresourcessuch
as power plants. Supplyside resourcesusuallyinvolvedlong lead times to developand increasedthe
use of fossilfuel causingthe depletion of a limited resourceand adverseeffects on the environment.
More recently, the passageof SB 350 now requires integrated resource planning to considerand
addresghe following elementsin additionto traditional demandsideand supplysideresources:

x Actively involve stakeholders.(APU proactively solicited feedback from residents, small to
mediumbusinessedargebusinessesiighschoolstudentsandthe LatinoUtilities Coalition.)
Includeenergyefficiencyand demandsidemanagemengctivities.

Incorporatemore robustanalysisof more aspectsof utility activities.
Explicitlyaccountfor commaodity price volatility and other risks to quantify the risk/reward

tradeoff.
X Reflecta set of goalsthat are broaderthan just meetingenergydemand,suchas meetingRPS

goalsand GHGgoals.
X Accommodatethe load increasesand decreasescausedby transportation electrification and

distributedenergyresourcessuchasrooftop solar.

The energydemandforecastand peak forecastare both developedas a first step to evaluate APU’s
future energy needs. APU’sforecastingmethodologyand different componentsof the forecastsare

detailedbelow.
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Pursuantto this IRP,APUperformed a long term statisticalforecastof its expectedload growth and
then adjusted this base load forecast for the factors describedabove. This adjusted load forecast
projects a total load reduction of 0.86% between 2018 and 2030, effectively a no growth energy
demandforecast,which indicatesthat the expectedcustomerexpansionand EVgrowth is being offset
by customersolarinstallationand energyefficiencyreductions.

Graph2: CumulativeAdjustmentsto BaseLoadForecast
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In determiningAPU’senergydemandforecast,staff consideredhistoricalenergydemandand customer
growth trends asthe basisfor statisticalmodelingand econometricforecastingtechniquesto developa
“baseenergydemandforecast.” Oncedeveloped the baseforecastwasfurther adjusted(referredto as
the adjusted energy demand forecas) by planned systemexpansion,expectedEV energy demand,
estimated customerside solar PVinstallation,and the effect of demandside managementand energy
efficiency.While systemexpansionand EV growth increasethe energydemand,solarinstallation and
energyefficiencyprogramsreducethe energydemand.

Theadjusted energydemandforecastwasthen usedasthe basisfor the developmentof power supply
expansionportfolio scenarioswhich were analyzedto determine the recommendedsupply (resource)
portfolio.
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A. ENERGDEMANDFORECASTMETHODOLOGY ASSUMPTIONS

Theenergydemandforecastis determinedin two steps:

The first step establishesthe base energy demand forecast It relies on traditional econometric
forecastingtechniquesto developrelational equationsthat reflect historic consumptiontrends. The
baseforecastfor energydemandis developedusinga 5 iyearrunningaverageof historicaltemperature.

Thesecondstep adjuststhe baseenergydemandforecastby takinginto considerationresidentialand
commercialprojects within the City of Anaheim (City) that may affect energy demand. Information
related to these projectsis collectedthrough collaborationwith the City’s PlanningDepartment,APU
ElectricSystemPlanning,and Business CommunityProgramsExamplef suchprojectsinclude Cityr
wide developmentand expansionplans, customerspecificcapacityadditionsand/or energyreduction
plans, and the installation of commercialscale solar photovoltaic (PV) and other behindthe meter
distributed generationresources.Project timelines are evaluatedand incorporatedinto adjustments
that eitherincreaseor decreasehe “base”forecast.

BaseEnergyDemand

A.1.BASEENERGDEMANDFORECAST
D Forecast

HISTORICAENERGBDEMAND

Priorto the economicrecessionin 2008, APU’saverageenergydemandwas between 2,500and 2,700
GWh.From2008to 2011,a declinein energydemandgrowth wasobserveddue to economicconditions
impactingdemand. The economybeganto stabilizein 2011 and continuedto improve through 2016.
However,the correspondingdemand growth was offset by behindthe meter distributed generation,
suchasfuel cell and solar PVinstallation,as well as by energyefficiencyin both the commercialand
residentialsectors.

Graph3: AnaheimActual EnergyDemand2001 P016
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ECONOMETRMODELING

Econometricmodeling is the application of mathematicaland statistical methods to forecast future

valuesand understandthe relationship between variables.APUdevelopsits forecastof total system
energy consumption using econometric modeling. Hourly energy demand is estimated using least
squaresestimationand variablesfor expectedtemperature, calendar(weekdayversusholiday),season
and time effects (which capture specifichours as well as the cumulativeimpact of prolonged heat

waves) Fiveyearsof historicalhourly dataare usedto estimatethe following econometricequation:

TotalEnergy= r+ ETemperature +D; Holiday +V; + My + X
Where:

Temperature=Temperatureat hourt

Holiday = Dummyvariableto identify weekendand NERQolidays
V; =Vectorof dummyvariablesfor the hours

M: =Vectorof dummyvariablesfor the months

X =Errorterm

VARIABLEBNCLUDEDIEMPERATURORECAST

APUowns calibrated equipment at the LindaVista Reservoirthat recordshourly temperature in the
SupervisoryControl and Data Acquisition(SCADA¥ystem. The IRPenergy demand forecastassumes
normal weather conditions and usesaveragehourly temperaturesfrom the past five years (2011 —
2016).Theforecastedmonthly temperaturesin degreesFahrenheitare summarizedelow:

Tablel: TemperatureSummary

Month Average Minimum Maximum

January 60 35 89
February 60 32 95
March 62 41 96
April 65 39 96
May 67 49 104
June 70 53 105
July 75 58 103
August 76 59 101
September 76 56 105
October 71 49 105
November 63 43 95
December 57 37 89
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VARIABLEEXCLUDEIECONOMIGNDDEMOGRAPHIEORECAST

Anaheimis a fully developedOrangeCountycity with historicallyconsistentgrowth and medianincome
level and employmentrate. A seriesof modelingtests determinedthat the inclusionof economicand
demographicvariablesleadsto increasedvariability, and resultsin overly optimistic demand growth.
Thehourly demandestimationexcludingthesevariablesprovedto be more accurate.

Althougheconomicand demographicvariablesare excludedfrom the basemodel, plannedexpansions
and energy reductions are included as adjustments after the econometric regressionmodeling is
complete.

MODELVALIDATION

The baseeconometricmodel is validated by comparingmodelingresultsto historicalenergydemand
data. Essentiallythe model is used to develop energy demand forecastsfor historical years 2013
through 2016. The forecast results are compared to historical actual values and analyzed for

reasonablenesslhebasemodelwasprovento produceefficient estimationresultsin the rangeof 0.4%
to 2.1%variancefor the testing period. Had the model been proven inefficient, alternative variables
would havebeenintroducedanda new modelestablishedo gothroughthe validationprocessagain.

FORECASESULTS

After validatingthe model, the baseforecastfor future yearsis generatedand comparedto historical
energydemand.As seenin Graph4, the energydemandforecastis comparableto historical energy
demand.Overall,annualenergydemandshaperemainsfairly constant,while peakdemandappearsto
be lower than that of recentyears.Thisis mostly due to the assumptionof normal weather conditions
rather than the incorporationof heatshocksn the basemodel.

Graph4: Historicaland BaseEnergyDemandForecastyy Month
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A.2. ADJUSTMENTS

Plannedenergy growth and reductions are included as adjustmentsto the base economic model.
Adjustmentsinclude planned new development,electric vehiclegrowth, behindthe meter distributed
generation,and energyefficiencytargets.

+ EnergyDemandAdditions
Thissectionfocuseson the energydemandimpact. The *SystemExpansion

*EV Penetration
design,funding and details of these programscan be
foundin the following sections:

rEnergyDemandReductions
«Solarlnstallation
X.TransportatiorEIectrification *EnergyEfficiency& DemandResponse

Xl.Solarand Other DistributedGeneration

XIl.EnergyEfficiencyand DemandResponsérograms

Xlll.Programdor the LowIncomeand Disadvantage€Communities

SYSTENEXPANSION

Most of the openlandin Anaheimis fully developed While new building developmentsmay contribute
to energy demand increase,a correspondingdecreasealso incurs from the demolition of existing
buildingsand infrastructure. As such, it is not appropriateto apply a growth rate basedon historical
trends. Rather,new developmentdatais gatheredfrom City permitsand from ElectricSystemPlanning,
andthesenet impactsto energydemandare appliedto the basemodel.

Anaheim’smost recentdevelopmentprojectsare expectedto cumulativelycontribute an additional 33
MW capacityto Anaheim’sdistribution infrastructure through 2030. When estimating the impact to
load, staff took into considerationboth the distribution systemexpansionand the varying levels of
capacityfactorsfor eachcustomersector.

EVPENETRATIO® TRANSPORTATI@ELECTRIFICATION

Electricvehiclegrowth is estimatedusingthe CECTransportationElectrificationCommonAssumptions
3.0” workbook publishedin 2017. Anaheim’selectric vehicleenergydemandforecastadoptsthe CEC
growth assumptionto meet the Governor’sOrderfor 1.5 million electricvehicleson the road by 2025,

andassumedyrowth to 2.6 million electricvehicleson the road by 2030.

142016 SB350 CommonAssumptionGuidelinedor TransportationElectrificationAnalysis” Version3.0, UpdatedApril 6, 2017.Thisworkbook
issubsequentlyeplacedby updatedversionsandno longeravailableviathe CEGvebsite. Themostupdatedversionis availablefor download

at http://www.energy.ca.gov/sb350/IRPs/A comparisorof Version3.0andthe updatedversionmaybe found under Sectionl X. GREENHOUSE
GASEMISSIOREDUCTION.
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Accordingto the model within the CECGworkbook, APU’sshare of total Californiaregisteredelectric
vehiclesis 0.63%.0r an estimated16,280electricvehiclesby 2030.

To estimate energydemandgrowth, APUadoptedthe CEC’saassumptionsin the workbookin terms of
energy consumption. Accordingto the workbook, the 16,280 electric vehicleswill contribute up to
63,261MWh in energydemandgrowth in Anaheimin 2030.

Graphb5: EstimatedElectricVehicleEnergyDemandGrowth
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SOLARNSTALLATIO& OTHERISTRIBUTEGENERATION

Historicalbehind the meter distributed generationinformation is obtained from SB1 and City permit
applications Thisincludesmicroturbine, fuel cell,and photovoltaic(PV)installations.

Shortterm PVinstallation growth is estimated using systemsize data listed on the resident’spermit
application.Longterm PVinstallationgrowth is estimatedusinga linear trend of historicalinstallation
totals. APUestimatesto have33 MW of installedPVcapacityby 2019,and 87 MW by 2030.Toestimate
PVgeneration,a proxy capacityfactor of 18.38%s appliedto the PVcapacityforecast.DetailedsolarPV
capacitycalculationand peakimpactanalysisnaybe found in the “PeakShift Analysis’section.

In 2019, behindthe meter solar distributed generationis estimatedto accountfor 2.1%of APU’stotal
energy demand and is expectedto grow by 0.3% annually reachinga total of 5.4%of total energy
demandby 2030.

Graph6 showsthe estimatedannualimpactof behindthe meter solarPVinstallationgrowth.
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Graph6: EstimatedBehindthe Meter SolarPVImpactto EnergyDemand
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Planneddistributed generationprojectsother than solarPVare forecastedonly in the short term, with
systemsizeestimatesobtainedfrom ElectricSystemPlanning.

ENERGEFFICIENCY

In accordancewith AB 2021, APUis required to establishspecificannual energy savinggoalsas a
percentageof total annualretail electric consumption.SB350 also mandatedthat the CECdevelop
utility specific energy efficiency savingtargets to help achieve doubling statewide energy efficiency
savingsn electricityand naturalgasend usesby 2030.

APU n conjunctionwith other memberswithin the CaliforniaMunicipalUtilities Associationcontracted
with NavigantConsulting,Inc. (Navigant)to identify all potentially achievablecosteffective electricity
efficiency savingsand establishannual targets for energy efficiency savingsfor 20182027. The final
report “EnergyEfficiencyin California’sPublicPowerSector? waspublishedand submittedto the CEGn
2017.AnaheimCity Counciladopted APU’sten iear energysavinggoalin March 2017, basedon study
resultsfrom the Navigantreport.

APU’snergysavinggoal,alongwith its impactto EnergyDemandare summarizedn Table2.

Table2: APUEnergyEfficiencyTargetsincludingCodes& StandardgNavigantStudy)

Targetsw/ C&S
2018 2019 2020 2021 2022| 20231 2024 202b 2046 2027 20482029* | 2030* | Avg.10Yr.
kWh 1.15% 1.15% 1.09% 1.06% 1. 04}% 1.0¢)% 0.95% 0.p1% 0.86% D.80% 0.80% 0.80% 0.80%
kw 1.11% 1.12% 1.13% 1.15% 1. 19P/o 1.141% 1.15% 1.13% 1,.09% 1.04% 1.04% 1.04% 1.04%
* 2028R030are projectionsbasedon 2027targets.10 iYrAverageCalculatedor 20182027.

APU’svoluntarydemandresponseprogramis only calledupon underextremeconditions,andtherefore
isnot includedin the energydemandadjustmentsunder normalweatherconditions.In addition,the

2 https://www.anaheim.net/DaumentCenter/View/11240
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pilot residentialdemandresponseprogramgenerated794 kWhsavingsn summer2017.1t is considered
negligibleto APU’dotal energydemandat this time. Estimatedadjustmentsfor demandresponse
reductionswill be calculatedwhenfuture programexpansiordemonstrategyreaterimpactto the total
energydemand.

A.3.ADJUSTEBASEENERGBDEMANDFORECAST

Intotal, APUexpectsa 0.86%net energydemandreductionbetween2018and 2030,whichis essentially
a no growth forecast. The net energy demand forecast is used in Section VII. ResourcePortfolio
Evaluatiorto determinethe recommendedesourceportfolio to meet APU'duture energyneeds.

Graph?2 displaysthe estimated cumulativeimpactsto the BaseEnergyDemandForecast.The energy
demandadditionsare estimatedto increaseby 82 GWhcumulativelydue to plannedexpansiorprojects
and electric vehicle growth. Duringthe sameperiod, solar PV and energy efficiencyare estimatedto
reducethe energydemandby approximatelyl02 GWhcumulatively. Theoverallcumulativenet energy
demandreductionis estimatedto be approximately20 GWhasindicatedby the red line on Graph2.

Graph2: CumulativeAdjustmentsto Basel.oadForecast
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Graph7 below depictsthe AdjustedEnergyDemandrForecastThesumof all three barsisthe
anticipatedBaseEnergyDemandForecastassumingno growth or reduction.Additionssuchasplanned
expansiomprojectsandelectricvehiclesare displayedoy the light greenbar. Thetotal Reductionsare
displayedby both the light greenandwhite bars.TheAdjustedEnergyDemandis the sumof the dark
greenandlight greenbars.Theremainingwhite baris the estimatednet energydemandreductionper
year.
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Graph7: AdjustedBaseEnergyDemandForecast
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APU’'senergydemandforecastwascompletedin 2017.The CEQeleasedts energydemandforecastfor

the 2018 Integrated EnergyPolicyReport (IEPRJn February2018. Staff comparedAPU’sadjusted (or

expected)energydemand- excludingeVimpacts— againstthe IEPRlemandforecast:Medium Baseline
Demand with Medium Additional Achievable Energy Efficiency (AAEE)and Additional Achievable
Photovoltaic(AAPV) APU’sforecastis very closeto the IEPRforecastin the early years,with a 4%
varianceobservedby 2030.Thedifferenceis consideredacceptablgor planningpurposesin addition, a
range of high and low energy demand will be tested under ResourcePortfolio Evaluation— Stress
Testing.

Graph8: APUvs. IEPREnergyDemandForecast
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A.4.OTHERCONSIDERATIONEXTREMBVEATHER

It is important to analyzethe impact of weather extremeson energy demand due to its sensitivity
relatedto temperaturechangesExtremetemperatureforecastsunder highand low emissionscenarios
are availablethrough CalAdapt, a climate changeresource databasedevelopedby the Geospatial
Innovation Facilityat the Universityof California,Berkeleywith funding and advisoryoversightby the

CaliforniaEnergyCommission.

The daily extreme temperature forecastdata for the Anaheimareawas obtained through CalAdap#
and then comparedto APU’sinternal temperature forecast, which was developed using five year
minimum and maximumtemperatures.APU’sforecastconsistentlyproduceshigher extremesthan the
CalAdaptforecast.Thedeviationsbetweenthe forecastsare shownin Graph9, which displaysthe high
andlow emissionsCalAdapthightemperatureforecastcomparedto APUhightemperatureforecastfor
the springand summerof 2023.Asthe APUforecastproduceshigherextremes,it wasselectedto be the
preferredtemperatureforecastto conductthe extremeweatheranalysison energydemand.

Graph9: CalAdaptvs APUMaximum TemperatureForecast
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The econometricmodel describedin VI.A.1l.estimatesa coefficientof 1.16 MWh for the temperature
variable.Thisis interpreted asan increasein energydemandof 1.16 MWh for everydegreeFahrenheit
increase . For example,an increasein temperature of 20 degreesFahrenheitresultsin a corresponding
increasein demand for that hour of 23.2 MWh. Applyingthe extreme temperature forecastto the

economicmodel producesa bandwidth of expectedenergydemandunder high and low temperature
extremes.

3 http://cal adapt.org/
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Graph 10 below displaysthe estimated deviationsfrom expected energy demand due to extreme
weatherimpacts.The high weather extremeresultsin anincreasefrom expectedenergydemandof 81
GWhannually,with the highestmonthly impactin the month of Octoberof 8.2 GWh.Thelow weather
extreme resultsin a decreasefrom expectedenergy demand of 71 GWh annually, with the largest
decreasébeingin the month of Februaryof 7.5 GWh.

Graph10: ForecastedEnergyDemandwith ExtremeTemperatures
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Theenergydemandvariationdue to extremeweatherimpactswill be usedto stresstest the resource
portfolio in VII.F.StressTesting.
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B.PEAKFORECASTMETHODOLOGX ASSUMPTIONS

The peakforecastis alsodevelopedalongwith the energydemandforecastfor usein considerationof
the reliability aspectsof power supplyResourcedAdequacyand electricdistribution systemplanning:

x Peakforecastis usedto determinethe ResourceAdequacycapacityneededto meet reliability
requirements.

X Hourby hour peakand energyprofile analysids usedto determinewhichresource’syeneration
portfolio providesthe best match. It also assistsAPU’seffort to explore possibilitiesin using
cleanenergyto meetthe peakdemand.

x ElectricSystemPlanningrelieson the longterm peakforecastto planfor necessangdistribution
systemexpansion.

B.1.CONSIDERATIGNTHEHISTORICARYSTENPEAK

AlthoughAPU'stotal energydemanddeclinedfrom 2008to 2011,the total systempeakhasfluctuated
over the past severalyearsbetween 540 and 580 MWh. Anaheim’sannual system peakis typically
observedin the month of September,when temperaturesaverage76 degreesand reach up to 105
degrees.

Graphl1: APUHistoricalPeakDemand
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B.2. DEVELOPINGHEPEAKFORECAST
Whendevelopingthe peakdemandforecast,APUconsidershistoricalloadfactors.

APU’doad factor is calculatedby takingthe total energydemandfor eachmonth and dividingit by the
peakdemandfor the samemonth. Historicalaverageload factorsare calculatedfor eachmonth for the
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most recentfive years.Theloadfactorsare appliedto the adjustedmonthly energydemandforecastto
developthe peakdemandforecast.

Table3: HistoricalLoadFactors(asof December2017)

Month 2013 2014 2015 2016 2017 AVERAGE
July 68% 67% 66% 69% 62% 66%
Aug 68% 60% 65% 65% 63% 64%
Sept 63% 59% 59% 60% 58% 60%
Oct 57% 2% 62% 59% 50% 60%
Nov 67% 70% 66% 79% 62% 69%
Dec 78% 77% 88% 78% 80%
Jan 80% 73% 79% 78% 77%
Feb 80% 7% 72% 69% 74%
Mar 75% 76% 68% 75% 74%
Apr 77% 66% 62% 68% 68%
May 58% 55% 61% 75% 62%
June 64% 74% 66% 54% 64%

Thepeakdemandforecastis validatedby comparingthe model’s“backcast”output to the previousfive
year'sactualdata. Thepeakforecast'saccuracyto predict monthly peakis between0.3%and 3.5%.The
annualpeakforecastaccuracywasin the rangeof 1%to 5%andwithin the acceptableconfidenceevel.

B.3.OTHEREONSIDERATIONS
PeakShift

APUestimatesto have 33 MW of installed PV capacityby 2019and 87 MW by 2030. Graph12 details
the estimatedinstalledPVcapacityfor APU’sserviceterritory.

Graph12: EstimatedDistributed (Behindthe Meter) SolarPVCapacity
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To develop an estimation methodologyfor customerowned, behindthe meter solar PV generation,
APUstudiedthe solargenerationfrom the City owned AnaheimConventionCentersolarPVsystem.The
systemgeneratesapproximately3,400 MWh of solarenergyper year (asrecordedin 2015and 2016),
andhasa capacityfactor of 18.38%.

On average,July producesthe highestgenerationper year, with 12.5 MWh per day. The month of
Decemberproducesthe leastamountof generationper year,on averagewith 4.75MWh per day.Graph
13 details eachmonth’s averagehourly solar profile, as derived from the generationof the Anaheim
ConventionCentersolar PVsystem.Peaksolargenerationis at noon Novemberthrough March and at
Hour 13 (1 PM)for the remainderof the year.

Graph13: AverageHourly SolarProfile by Month: AnaheimConventionCenter
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Although production variesfrom systemto system,the calculatedcapacityfactor from the Anaheim
ConventionCenterservesas a strong proxy to estimate production from installed private PV capacity
within the City. Thisis especialljtrue becausehe ConventionCenteris locatedin the centerof Anaheim
andis capableof capturingCityspecificweathereffects.

Tocalculatetotal distributed solargeneration,the 18.38%capacityfactor is appliedto PVcapacitydata
collectedfrom SB1 applicationsand City permits. Graph14 details the estimated monthly distributed
solar generationin 2016, and its effect on APUenergydemand. Thetotal estimatedeffect on energy
demandusingthe proposedmethodologyfor 2016 was 26,235MWh, or a 1% reduction of Anaheim’s
total energydemand.
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Graph14: EstimatedDistributed (Behindthe Meter) SolarPVImpactto EnergyDemand
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The profile for distributed solar generationcan also be estimated usingthe conventioncenter solar
shape.Graph 15 details the estimatedaveragehourly shapefor total distributed solar generationfor
2016,2019and 2030.

Graph15: EstimatedAverageHourly Shapefor Distributed SolarGeneration
60
50
40

30

MWh

20

10

r S
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

2016 e=——2019 2030

Theestimatedsolarshapewasappliedto the daily energydemandforecastto estimatethe future peak
shift for APUenergydemand. Assumingdistributed solar grows as expected;there is a corresponding
peakshift from hour 17 to 19 by 2030asdepictedin Graphl16 below. Peakdemandis estimatedto shift

from hour 17in 2016to hour 18in 2019,andhour 19 by 2030.
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Graph16: PeakDemandShift
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In addition to shifting the traditional peak hour, the solar PV penetration will also result in a peak
reduction of approximately2 MW every year throughout 2030. Graph 17 details the estimated
cumulativeimpactto peakdemanddueto solargrowth.

Graph17: EstimatedAnnualPeakDemand
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CleanPeakAnalysis
Aligningrenewablegenerationwith peakdemandis a currentindustrychallenge.

In an effort to meet peak demandwith renewableor other clean energyresources,APUtakes into
considerationits existingrenewablegenerationportfolio, efficiencyof Grid operations,energystorage
options and forecasts,distributed energy resources,and energy reduction measuressuch as energy

AnaheimPublicUtilities
Pages7| 206



2018IntegratedResourcePlan
VI.EnergyDemandand PeakForecasts

efficiency and demand response programs. The comprehensiveconsideration ensures APU meets
energy and reliability needs during its peak, while reducing the need for new/additional electric
generation distribution,andtransmissiorresources.

During certain times of the year, systempeak can be servedwith a higher percentageof renewable
energy.As an examplein April 2017, the Intermountain Power Plant (IPP} underwent a scheduled
maintenanceoutagefor mostof the month, which causeda significantreductionin generationcapacity.
The energy need was replacedby two firmed and shapedrenewable contracts, supplementedwith

amplewind and hydro energythat was availableduring the samemonth. On April 16, 2017,APU’s246
MW peakwasservedby 80%or 195MW of renewables.

Graph18: RenewablesServingPeakDemand— Daywith HighRenewablest Low EnergyDemand
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During other times of the year, servingthe peak with renewableenergyfacesits challenges.Thisis
generallydue to a higher peak demand, renewableresourceavailability,and CAISQdispatchsignals.
APUemployedits voluntary residential demand responseeventsin summer 2017 to reduce energy
demand;however,additionalenergywasstill neededin the hot andhumid summerdays.

On Septemberl, 2017,APUreacheda systempeakof 562 MW; more than double the systempeakin
the previousexample.Duringthe peakhour, only 11%or 60 MW of renewableenergywasavailableto
meetthe demandfor variousreasonswhichincluded:

x Derated landfilland geothermalgeneratingunits dueto extremeheat;
x Smallhydro producinglessthan 60%of April energyoutput; and
X Nearzerowind output.

Alsoduring the peakday, the CAISQlispatchedAPU’sfossilfuel units to meet not only the APUpeak,
but also the systemdemand of other Californiaload servingentities. The orange bars in Graph 19
indicatethe thermal (non renewable)energyAPUsoldinto CAISOnarket, per marketdispatchsignals.

“ Detailsof the power plant maybe found in SectionVIll.B.Generationand TransmissiofiResources
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Graph19: RenewablesServingPeakDemand- Daywith Low Renewablest HighEnergyDemand
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Other than reducingpeak demandthrough efficiencymeasuresand demandresponseprograms,APU
takesinto considerationhow renewablesor other zero emissionresourcesmay provide more clean
energy during the peak hour. Energystorageis periodically evaluated;in addition, the location and
generation profile of new renewable projects are also considered.The goal is to acquire renewable
projectswith generationprofilesmostalignedwith APU’ssnergydemandprofile.

ExtremeWeatherImpacts

Peak demand estimates are obtained for the extreme weather analysis using the load factor
methodology,asdescribedin VI.B.2 DEVELOPINGAEPEAK-ORECASGraph20 displaysthe impactof
extreme temperatureson peakdemand.On average peak demandis estimatedto be 14 MW higher
with extremely high temperatures, with the highestimpact of 18 MW in October. Similarly, peak
demandis estimatedto be 12 MW lower with extremelylow temperatures,with the highestimpact of
15MW in October.

Graph20: Forecasted?eakdemandwith ExtremeTemperatures
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VII.RESOURCEORTFOLIBVALUATION

After forecastingthe energyand peak demand,the supply side analysisis detailed in this sectionto
answer one question: What is the optimal resourcemix to supply the forecastedenergy and peak
demandgivenAPU’'splanninggoalsof sustainableresourceshighreliability and affordablerates?

Coalto CleanEnergyTransition

This section starts with basic considerations,such as how to transition from fossil fuels to clean
renewableenergyanddeterminingthe performancemeasurego evaluateavailablesupplysideoptions.

Candidateportfolio scenarioswere developedbasedon current technologyand market intelligence
regardingresourceavailability. Thesesupplyside options were then screenedto filter out the nonr
viablescenariogjivenAPU’splanninggoals,and the remainingscenariosvere analyzedusingextensive
guantitative production cost modeling analysis. The model outputs were scored and stress tests
performedbefore a final portfolio wasrecommended Graph21 below summarizethe selectionprocess
usedto choosethe optimum resourceadditionsneededto satisfycustomerdemandand reliability and
sustainabilitygoals:
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Graph21: SelectionProcesof the Optimum ResourcePortfolio

A. Portfolio

Considerations&

Performance
Measures

*Optimize Existing

Resources
*GHGReduction;

50%Renewables

*Regulatory
Compliance

*Reliability;
Diversification

*ExpectedCost;
Market Risk

B.Resource
Options
* Natural Gas
Resources
» Market Purchases
*Renewable
Resources
*Baseload,
Intermittent or
Balanced

* EnergyStorage

C.D. & E.Model
Analysis
*Input
Assumptions
*Resource
Properties,
Market Outlook
« DispatchModel
Simulation
e Output
Evaluation
*GHGReduction,
Renewablé,
Reliability,
ProductionCost

F.StressTesting

» Market Volatility
*High/LowFuel,
EnergyCarbon
Markets
« Customer
DemandVariation
*High/Low
Temperature,
Solar,EV Energy
Efficiency

G.Optimum
Portfolio
Recommendation

Theselectionprocessstartedwith SectionA. Portfolio Consideratiorand PerformanceVieasures
followed by SectionB, the considerationof Resourcéptions.Component®f the modelanalysisare
outlinedin SectionLC.Model Analysis- ProductionCostModel, D. Model Analysis- Input Assumptions,
and E.Model Analysis- Output EvaluationTheresourceportfolios under evaluationalsowent through
a seriesof StressTestingin SectionF,beforethe optimum portfolio isrecommendedn SectionG.

AnaheimPublicUtilities
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A.PORTFOLIOONSIDERATIGMWDPERFORMANGQGEEASURES

A.1. COALTOCLEANENERGYRANSITION

Priorto the heightenedawarenessabout carbonintensivefuels on the environment
asaresultof GHGemissionsAPUwasfully resourcedto meetlocalenergydemand
with longterm, low cost, and baseftoadedcoalfired power plants. Coalfired power
plantswere historicallya preferredresourcenationallydue to the abundanceof coal
as a fuel, its low cost, and the reliable coal generationtechnologiesavailableto
produceelectricity. Also,in the 1980s,nuclearenergywas out of favor, due to the
waste issueand the associatedcapital risk, and it wasillegalto use natural gasfor
power generationdue to its scarcityand higher value as a spaceheating fuel. For
these reasons,APUinvestedin two coal facilities that served APUcustomersvery
well for severaldecadesand approximatelytwo thirds of APU’senergyneedswere
met by thesetwo coalfired power plants.

APUhasactivelytransitionedfrom the carbonintensiveresourcemix to cleanrenewableenergysince
2003, as it hasincreasedrenewableenergyfrom 1%to 29%while reducingcoal power from 73%to
32%. Today, APU’sresource stack is very different from the historical view, with a much greater
percentageof retail energydemandmet by sustainableenergy. The following graphsshow changein
APU’spower supplyresourcestackoverthe pastdecade from 2006to 2016:

Graph22: APUResourceStackin 2006
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Note: Generationabovethe retail energydemandwassoldinto the CAISQvholesaleenergymarket.
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Graph23: APUResourceStackin 2016
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Note: Generationabovethe retail energydemandrepresentsenergysoldinto the CAISQvholesaleenergymarket.

Roughlyone third of APU’s2017 energysupplystill camefrom two coal plants— SanJuanPowerPlant
and IntermountainPowerProject(IPP) APUsuccessfullypegotiatedthe divestiture of the SanJuancoal
plant at the end of 2017,whichwas5 yearsprior to the originalcontracttermination date. APUhasalso
takenactionto allow its IPPcoal contractto expirewithout renewaleffective 2027,at which time APU
will havedivestedof all coalresources.

Thedivestedcoal resourceswill needto be replacedprior to 2027 to maintain high reliability, achieve
APU’ssustainabilitygoals,comply with State mandates,and mitigate market price risk. To selectthe

optimum resourceportfolio, which includesthe replacementof the divestedcoal resources APUused
guantitative performancemeasuresand production cost modelingto evaluatethe portfolio scenarios
pursuantto its planninggoals,asbriefly mentionedin Sectionlll. PlanningGoals

B.2.PORTFOLIBERFORMANGEEASURES

APU’amissionisto be an agile,customerfocused water and power utility operatingin an everchanging
world providingreliable, high quality, environmentallysustainable and competitivelypriced water and
power and delivering the maximum value to our customerpwners in order to preserve Anaheim’s
healthand prosperity.

The integrated resource planning process maintains three main planning goals to achieve the
organizationamission:SustainabldResourcesHighReliability,and AffordableRates.
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TheRPSs measuredby the percentageof renewableenergydeliveredto serveretail load. Portfolios
consideredmustcontainat least40%eligiblerenewableenergyby 2024,45%by 2027 and 50%by 2030.
In addition, per the RPStatute, 65%o0f APU’'SRPSbligationin anygivenyearmustcomefrom longr
term contracts(i.e.,greaterthan 10 yearsin length).

APUhasprocureda sufficientamount of renewableenergycontractsto meet RPSomplianceup to year
2025.However,in order to meet renewablecomplianceobligationspost 2025, APUwill needto either
extend the terms of its current renewablecontracts,or procure new contracts. Graph 24 details the
historicaland plannedrenewablecompliancetargets.

Graph24: Historicaland PlannedRenewableEnergy
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GreenhouseGasEmissionReductions

Greenhouseayasemissionreductionsare measuredby the percentof GHGreductionfor the overall
resourceportfolio. Portfoliosconsiderednust meetthe GHGemissiongeductiontargetsultimately
establishedoy the CaliforniaAir Resource8oard(CARBbhat achieveghe economywide greenhouse
gasemissiongeductionsof 20%below 1990levelsby 2020,and 40%below 1990levelsby 2030.

With the planned exit of IPP,APUis on track to meet its internal GHGreduction planning goals of
480,000MTCQe by 2020and 920,000MTCQe by 2030,a 20%and 40%reduction, respectively Graph
25 detailsthe plannedGHGreductionswith and without the GHGemissionsreductionsexpectedfrom
vehicle electrification. Due to the divestiture of coal units, APUis on track to meet internal GHG
reduction planninggoalswithout any changego its remainingpower resouces Sincethe replacement
energy is needed due to APU’sexit from IPP,it will be replaced with non emitting resouces,the
estimated GHG reduction as displayed in Graph 25 will remain consistent for any renewable
replacementoptions.

Graph25: PlannedGHGReduction
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RegulatoryRisk

RegulatoryRiskmeasureghe ability to remaincompliantwith currentandanticipatedfuture legislative
or regulatorychangesTheState’sRPSargetshavesteadilyincreasedoverthe pastseveralyears;
therefore, this IRPconsiderghe likelihoodof higherrenewableenergyrequirementsin the future.
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Forexample,SenateBill L00 wasintroducedin the 2017 legislativesessiorrequiring electric utilities to

achievea 60%RP Sy 2030.1t alsocontainslanguageseekingto require that eligiblerenewableenergy
resourcesand other zero GHGemitting resourcessupply 100% of retail energy salesno later than

Decembe3l,2045.Asof the writing of this IRP the bill remainsactivein the legislature.

Theoptimum portfolio shouldhaveenoughflexibility to absorbadditionalrenewablepurchaseseyond
the current 50%RP Sequirement. Also,the optimum portfolio shouldbe sufficientlydiversifiedso that
APUminimizestechnologicatiskwhere onetechnologybecomesobsoleteor lesscost effective.

ResourceAdequacy(Reliability)

ResourceAdequacyis measuredby the ability to achievea 15%reservemarginabovethe systempeak
forecastwhile meetingforecastedocalandflexible capacityrequirements.

Resourceortfolios not achievingthis measureare still includedfor considerationby identifying future
capacity shortagesand planned capacity purchases.Costsfor capacity purchasesare added to the
portfolio.

Graph26: AvailableResourceAdequacy(RA)SystemCapacity
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Graph26illustratesthe resourcesAPUmayuseto meet ResourceAdequacyrequirements.Although
APUexited SanJuanin 2017,amplecapacityfrom renewableresourcess availableto replacethe 50
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MW previouslyprovidedby SanJuan WhenAPUexitsIPPin 2027,250 MW of capacitywill needto be
procuredto ensureresourceadequacyand systemreliability. Thenew capacitycanbe in the form of
new energyresourceswith capacity capacityonly purchasesor both.

CanyorPowerPlantandthe Bowermanand Brealandfill gasto energyplantsare long term andreliable
resourceslocated in and near Anaheim,and they provide more than 100%of the local and flexible
generationcapacityrequiredby the CAISO.

The ResourceAdequacygeneration capacity needed after 2027, upon the expiration of the IPPcoal
contract, is systemivide capacitythat may be producedanywherein the 14 westernstatesaslongasit
is deliverable to California. Current systemwide capacity markets indicate that this product is
abundantly availableat a much lower cost than building new peaking power plants or utility scale
energystoragefacilities. Thisis due to the greatnumberof new renewableenergyfacilitiesbeingadded
systemwide.

APUplansto procurethe requisite ResourceAdequacyat leasttwo yearsprior to the expirationof the

IPP contract through competitive solicitations; however, APUwill continue to monitor the capacity
marketsascomparedto the costof constructingnew capacityfacilitieslocally.Giventhe relativelysmall
amount of ResourceAdequacycapacity needed by APU, the abundanceof capacity available for

purchase the RegulatoryRiskof constructingnew natural gaspeakingpower plants that may become
obsolete if State law requires 100% emissionfree resources,and the potential for a technological
breakthroughthat would significantlyreduce the cost of energy storage, APUdoes not recommend
committingto new Resourceéddequacyfacilitiesat thistime. Also,shouldthe costof ResourcéAdequacy
capacityincreasesignificantlyprior to 2027, APUhasthe option of investingto extendthe life of the

KraemerPowerPlantor build new generationfacilitiesat the CanyonPowerPlantsite.

Portfolio Diversification

Portfolio diversificationis measuredby the different typesandlength of resourceinvestmentwithin the
portfolio. A diversifiedresourceportfolio increasedlexibility, reliability, and overallperformance.

APU’s2018 renewableportfolio consistsof 15%intermittent resourcesand 85% baseloadresources.
Thebaseloadresourcesare veryreliableand do providelocal ResourceAdequacycapacity,but the cost
of these resourcesis now significantlygreater than intermittent resourcessuchas solarand wind and
APU’slocal capacity requirements are satisfied with existing resources.Due to APU’s substantial
investmentin baseloadrenewableresourcesn the early yearsof the RPSProgram,diversityis now an
important considerationin the developmentof the optimum resourceportfolio.

ExpectedCost

ExpectedCostis measuredoy the total costto supplypower. Eachresourceportfolio is evaluatedwith a
goalto minimizeimpactson customerbillsandto servecustomersat justandreasonableates.
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AspreviouslydiscussedAPUhasbeen and continuesto be fully resourcedto meet local demandwith
long term baseloadpower plants. Any costsassociatedvith additionalresourceprocurementnecessary
to meet environmentalgoalsmustbe carefullyconsideredand prudently managed A key consideration
in selectingthe optimum resourceportfolio is leveragingexistingresourcesand minimizingcustomer
impact.

Market Risk

Market Riskis measuredoy percentageof energyAPUmust purchasefrom the wholesalemarket,and
the portfolio’s ability to withstand marketpricevolatility. Thefinancialexposureof the overallresource
portfolio increasesvhena largerpercentageof energyis procuredfrom the wholesalemarket.

With 236 MW of capacity, IPP meets the largest portion of APUbaseloadenergy needs, with the
remainderbaseloadenergydemandsuppliedby the naturalgasandrenewablegenerationfacilities. The
predictable cost structure of a baseloadunit protects the resourceportfolio from price swingsin the
wholesalemarket. The replacementenergy needsresulting from APU’sexit from IPPwill come from
renewableenergyresourcesBecauseof the intermittent nature of variablerenewables(i.e., wind and
solar),financialexposuremust be evaluatedwhen consideringreplacementenergyfrom thesetypesof
resources.

Intermittent renewableenergyresourcessuchaswind and solarhaveseasonalndhourly generation
profilesthat are not alwaysalignedwith energydemand,and canbe unpredictableat timesdueto
changingveatherpatterns.Dueto this variabilityin production,there aretimeswhengenerationlevels
exceedenergydemand,resultingin decreasesn marketpricesandrevenuefrom the salesof

energy. Converselyat timeswhenenergydemandexceedshe amountof generationavailable market
pricesandthe purchaseof energyto meetenergydemandwill increase.

Modeling “stress tests” are introduced in SectionF. StressTestingto ensurethe optimum portfolio
outperformsthe alternativesunderall marketcostandload growth/reductionscenarios.
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B.RESOURGBPTIONS

B.1.IPPREPLACEMENDPTIONS

With extensivequantitative analysisthis IRPexaminesseveralscenariogor replacing
the energyresultingfrom the exit of coalresourcesReplacinghe coal power plants
with a new natural gaspower plant or wholesalemarket purchasesvould be carbon
heavyand costly. APUwill still havea needto purchaserenewableenergyto meet
the State’s environmental goals; therefore, replacingenergy needs resulting from
APU’'sexit from coal power plants with renewable energy is the most optimal
solution.

Graph27 showsthe screeningorocessusedto evaluatethe optionsfor replacingthe
IPPcoalplant. ReplacingPPwith a natural gaspower plant (Scenaridl) or wholesale
market purchases (Scenario2) would still be carbon heavy as compared to
renewablesandwould be costlybecauseAPUwould still needto purchaserenewable
energyto meetthe State’'s50%mandate,resultingin “over procurement.”

Graph27:1PPReplacemenOptions

Scenaridl:
GasUnit

IPPCoal
Replacement

Scenarid:

WholesaleMarket
Purchases

Scenari:
Renewables

OverProcurement OverProcurement LowerCosts:
CarbonHeavy CarbonHeavy Sustainable

Graph28 showsthat a new natural gasplant is not viable given APU’ssustainabilitygoalsand State
regulatoryrequirements.Asan example the VariablePortfolio is one of the renewableportfolios being
evaluatedto replacelPP.It is more costlyto maintain a natural gaspower plant while also acquiring
renewableenergyto meetthe sustainabilitygoal.
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Graph28: New Power SupplyOptions— CostComparison
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B.2.RENEWABLBPTIONS
DetermineRenewableGenerationand CapacityNeeds

Staff went through the following stepsto determinethe renewablegenerationand capacityneedsto
meetRPS3argets.

1. DetermineAnnualRPSTargets

In developingthe candidateportfolios, the first step wasto calculatethe amount of renewableenergy
neededto meet the RPStargets. RPStargets are statutorily establishedand in the caseof publicly
owned utilities like APU,are enforced by the CEC. Thesetargets are calculatedas a percentageof
customerretail energydemand.

RetailEnergyDemandForecast: RPS%=RenewableEnergyRequired

Dueto the inconsistentnature of renewablesdevelopmentand energyproduction, there may be years
when APUexceedsts projectedRPSargets. To preservethe valueof the renewableenergyresources,
the Legislatureand State agenciesecognizethe ability to use any excessrenewableprocurementfor
future compliancethrough the “banking” of excessrenewable energy credits (“REC”)as they are
produced.APUhasbankedRECgroducedin excesof RPSompliancerequirementsto date, intendsto
continue bankingsurplusRECdor future use, and will use suchsurplusto help satisfyits future RPS
complianceargetsin the mostcosteffectivemannerpossible.

AnaheimPublicUtilities
Page70| 206



2018IntegratedResourcePlan
VII.Resourcéortfolio Evaluation

Asdetailedin the greenbar on Graph?29, the renewablegenerationforecastindicatesthat APUwill
have procured a sufficientamount of renewableenergyto meet its RPSobligationsthrough 2026. In
order to meet complianceobligationsafter 2026, APUwill need to negotiate extensionsof existing
contractsor procurenew renewableresources.

2. DetermineLongiTermContractObligation

Pursuantto SB350, the RPSProgramalso requiresthat starting in the year 2021, 65%o0f APU’sRPS
obligationsmustbe met by renewableresourcesundercontractfor more than 10 yearsin length,shown

by the blue dotted line on Graph29. Currently,most of APU’srenewableenergycomesfrom resources
under longterm contracts. However, post2026, APU will need to secure additional longterm

renewable contracts in combination with shortterm renewable purchasesin order to meet this

complianceobligation.

Graph29: SimulatedRPSComplianceRequirement

1,400

1,200

1,000 //

800 =1

GWh

600 eoecccjeocd
400

200

0
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

[— ForecastedRECsv/Current Contracts

RPDbligation eeeeee | OngTermContractObligation

3. DetermineNew ContractSizeand Implementation Dates

Thenextstepin the developmentof candidateportfolios for considerationwasto identify a timeline for
new contractimplementationand capacitypurchasego replacethe capacitylost with the divestiture of
IPP.It islessexpensiveao purchasecapacitythan to over procurerenewablegeneration.Assuch,future
renewablecontractswere incrementallylayeredinto APU’sportfolio to meet renewabletargets, and
the capacityshortfallis plannedto be coveredwith capacitypurchasesasdiscussedinderthe Resource
Adequacyperformancemeasuresection.
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APU identified replacement energy from the responsesto the SCPPARequestfor Proposal&for
renewable generation. This list was developed based on the knowledge of expected costs and

availabilityof alargerlist of possiblecleanpower supplies.Thelikelyresourcesare:

. Wind (intermittent)

. Solar(intermittent)

. Geothermal(baseload)
. Biomasgbaseload)

. LandfillGas(baseload)

Capacitycalculationsvary by the operating characteristicsof the renewable technology. Baseload
renewableshavea muchhighercapacityfactor than intermittent resourcessuchaswind and solar(95%,
27%,and 25%,respectively).Table4 below is an exampleof the estimated capacityrequired from all
baseloadsolar, or wind contracts.As expected,there is a much higher amount of megawatt capacity
that mustbe procuredif selectingintermittent resources. If APUprocuredonly baseloadenewablesijt
would needto procurea 15 MW contract,asopposedto 45 MW of solaror 55 MW of wind to generate
the sameamountof energyasa 15 MW baseloadgenerationresource.Table4 summarizeghe amount
of renewablecapacityrequiredfor eachresourcetype to meet RPSnergyrequirements:

Table4: RenewableCapacityRequiredto Meet RPSTarget
BaseloadContractsOnly(MW)

Baseloadl
Baseloa?
Baseloa®
TotalBaseload

SolarContractsOnly (MW)
Solarl

Solar2

Solar3

TotalSolar

Wind ContractsOnly (MW)
Wind1

Wind2

Wind3

TotalWind

2027
5

2027
10

10

2027

15

15

5 http://www.scppa.org/page/RFiRequestior Proposalsirchives

2028
5

2028

10

10

2028

15

15

2029
5

5

10

2029

10

25

35

2029

15

25

40

2030
5

5
5
15

2030
10
25
10
45

2030
15
25
15
55
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RenewablePortfolios Evaluated
x BaseloadPortfolio (BaseloadRenewables)

The first candidate portfolio replacescoal generation with baseloadrenewable resourcessuch as
geothermal, biomassor biogas.Baseloadresourcesare reliable and stable, which translatesto less
capacityneededto generatethe sameamount of energy as intermittent resources.However,these
resourcesare expensivecomparedto intermittent resourceslike wind or solar. APU’'smost recent
biogasresourceprice is $91/MWh, comparedto recent offers of $37/MWh for solarand $45/MWh for
wind resourcesn 2017.

X Mixed Portfolio (50%lntermittent/50% BaseloadRenewables)

Thesecondcandidateportfolio replacescoalgenerationwith 50%intermittent renewableresourcesand
the other 50%with baseloadrenewableresourcesThisoption providesthe benefit of stablegeneration
andlower costresources.

x VariablePortfolio (100%lIntermittent Renewables)

Thethird candidateportfolio replacescoal generationwith fully intermittent renewableresourcesand
providesthe advantageof procuringthe lowestcostrenewableresourcescurrently available lt is called
the “Variable” Portfolio due to the fact that the existing APUrenewablemix is mostly composedof
baseloadresources.Adding more intermittent resourceswould inherently make the portfolio more
balanced.

The candidate portfolios describedare referred to from here on forward as the BaseloadPortfolio,
Mixed Portfolioand VariablePortfolio, respectfully.

BaseloadPortfolio:

100%
IPP Geothermal/Biomass/Biogas

Replacement
Mixed Portfolio:
25%Wwind
25%Solar
50%Geothermal/Biogas

VariablePortfolio:

100%lIntermittent
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B.3.ENERG®TORAGE

Energystoragemay be usedto facilitate the integration of unpredictableintermittent resourcessuchas
wind and solarenergy;however,energystorageitself is not a renewableresource APUis a distribution

utility operatingunder the CAISGupply/demandbalancingauthority, and, assuch,the CAISQequires
APUto provide certain levelsand types of ResourceAdequacycapacitygivenits profile of resources
used to serve APU’sload. The baseloadrenewable resourcesprocured by APU provide adequate
ResourceAdequacycapacity,and energystoragehasnot beenrequiredto integrate APU’srenewable
resourceportfolio. Neverthelessgnergystoragemay play a more significantrole in the future should

technologicabreakthroughsmakeenergystoragea viablereplacementfor the lost ResourceAdequacy
capacityuponthe expirationof the IPPcoalcontractin 2027.

Pursuantto the requirements of AssemblyBill 2514 (Skinner,Chapter 469, Statuesof 2010), APU
submitted to the CECon September30, 2017 its latest re evaluationof energy storage (ES)system
procurementtargets. Pleaseseethe City of Anaheim’sEnergyStorageResolutionNo. 2017442, Staff
Report, and Updated EnergyStorageSystemPlan for the detailed evaluationon the CECwebsite at
AB2514 Anaheint or AB2514 CECEnergyStoragé.

CurrentlyAPUhasa procurementtarget of up to 11 MW of energystorage(ES)y December31, 2026,
subject to Anaheim City Councilauthorization for future capital expenditures.The 11 MW target
consistsof a 1 MW ESpilot project at Harbor Substationto be completedby December31, 2021,and
dependingon the resultsof the pilot project and future EStechnologiesup to 10 MW of additionalES
installationat CanyorPowerPlantby Decembef31,2026.

Basedon APU’sanalysesEScurrently has a limited effect in its ability to shift energyfrom one time
period to anotherin the CAISQvholesaleelectricity market. However,APUstudiedthe potential for ES
to provide ancillaryservices Thecostsof regulationand spinningreservesin the CAISOnarketfor APU
haveincreasedsignificantlyfrom 2014to 2016. Sinceancillaryservicesare much smallerin megawatt
volume comparedto energy products, current battery EStechnologies,particularly the Lithiumton
technology,maybe a potentially viableand cost effectivemeansto selfprovideancillaryservicesThel
MW ESpilot project and continued monitoring of ancillary service costs will help determine the
feasibility of these benefits for future ESprojects, and whether or not market conditions dictate
potential acceleratiorof upcomingprojects.

APUconsiderdakingincrementalstepstowardsintegratingESwithin its localgrid to be prudentassolar
and wind generationis projected to increaseover time resulting in excessgenerationduring certain
timesof the day. Thel MW ESpilot projectwill allow APUto gainfirst handexperienceandvalidatethe
conceptual assumptionsfor future ESdeployments. With the pilot project being completed, APU
expectsto have more data and experienceon how to optimize the operation of ESand demonstrate
valueto APUcustomersprior to seekingCity Councilapprovalon future ESprocurement.

5 http://www.energy.ca.gov/assessmesitab2514 reports/City of Anaheim/
7 http://www.energy.ca.gov/assessnms/ab2514 energy storage.html
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C.MODELANALYSISPRODUCTIOBOST™ODEL

ThePublicUtilities CodeSection9621(c)(1requiresthe IRPto addressprocurement
for energyefficiencyand demandresponseresourcesgnergystorage transportation
electrification,short term and long term electricity, electricityrelated, and resource
adequacyproducts.

Energyefficiency,demandresponseandtransportationelectrificationare considered
in the demandforecastand modelstresstests.

AspreviouslydiscussedAPUhas establisheda procurementtarget of up to 11 MW

of energystorageby December2026,shouldthe 1 MW pilot energystorageproject
be deemedfeasible,suitable and costeffective. This pilot project will be used to

identify potential usessuchasthe ability to self provideancillaryservicesIn this IRP,
energystorageis incorporatedasa componentto reduceAncillaryServicecharges.

PRODUCTIONOST™ODEL

Considerablequantitative analysiswas performed to evaluatethe candidate portfolios. Staff used a
productioncostmodelto perform hourly chronologicaunit commitmentand evaluateddispatchmodel
runs of how APUwould meetits energydemandfrom the presentthrough 2030. Thefollowing graphic
showsthe elementsof the productioncostmodelingprocess:

*EnergyDemand (-ResourceDispatch&
*Generation, Transmission o Generation
andOtherResources I%ca%e rministicModel *WholesaleEnergy
«Market Conditiong(Fuel, . . Prices
Carbon) Hourly Dispatch *Portfolio Costs

Model Output

INPUTASSUMPTIONS

The main input assumptionsinclude energy demand, resource constraintsand costs, and fuel and
carbonprices.

APU’senergydemandwas developedunder SectionVI. EnergyDemandand PeakForecastsAPUhasa
licensingagreementfor a productioncostmodelthat containsinformation of other utility areas’energy
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demandforecast,and the generation,transmission,and other resourcessuch as energy storageand
demandresponse.

The production cost model has an extensive databaseof the Western Interconnect that includes
extensivegrid wide data suchashydro conditions,fuel prices,heat rates, maintenanceschedulesarea
demand,emissionsf{ransmissionconstraints,and variableand fixed unit costs. Themodel obtainsgrid r
wide data via publically available sourcesfrom the North American Electric Reliability Corporation
(NERC)}the Energylnformation Administration(EIA),the EnvironmentalProtection Agency(EPA)and
variousbalancingauthorities.Input assumptionsare periodicallyupdated,andthe modelrun resultsare
validatedagainsthistoricalactuals.

Thesebase assumptionscan be modified to allow utility specificand detailed analysis. APUupdates
market conditions including fuel prices and carbon allowance costs to reflect the most updated
information. Keyinput assumptionsare detailedin D. Model Analysis- Input Assumptions.

MODELSIMULATION

APUusesthe deterministic model which calculatesan hourly dispatchto simulate how the energy
marketwill dispatchthe availableresourceso meetthe region’sestimatedenergydemandon an hourly
basis A modelsimulationwasperformedfor eachof the candidateportfolios.

Oncethe input assumptionsare incorporatedinto the database portfolio simulationsor modelrunsare
conducted.As an example,Graph 30 illustrates the systemdiagramfor hour 13 on January8, 2017,
includingthe energyflow from between balancingareascontainingloads and resources.The energy
demandis displayedwithin the utility bubble (APUis within the SouthernCaliforniaEdisonCompany—
SCE- territory); the energy flows between utilities areas are displayedon the arrows that depict
transmissionlines. The colorsof the bubblesare indicatorsof energyprices,with red representingthe
highestand greenthe lowest energy prices. Thisprocessis conductedin hourly intervalsfor the time
spanspecifiedby the user. Theresultsof the marketsimulationare retrievedin the output tablesof the
associatednodelrun.

Deterministicmodel runsreflect expectedor normal conditionsfor eachhour of the year. Forexample
under deterministic analysis,weather, unit forced outages, gas prices, and intermittent resource
generationare all assumedo be normalon everyday of the year. Theabnormalor extreme conditions
are introducedafter the initial modelruns,in F.StressTesting.
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Graph30: SystemDiagram

MODELOUTPUT

With the input assumptionsand model simulation,the productioncostmodelingsoftware will produce
the modeloutput includingthe following:

X Hourly resource generation (MWh): The resourcesthat are dispatchedto meet the energy
demandduringthe specifichour andtheir respectivedispatchcosts.
Wholesaleenergyprices:Thewholesaleenergypricefor the hour.

Portfolio costs:Thefixed, variable fuel, and carboncosts

The output for eachcandidateportfolio was evaluatedand comparedagainsteach other in E. Model

Analysis- Output Evaluation.
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D. MODELANALYSISINPUTASSUMPTIONS

Keyinput assumptionsitilizedin the productioncostmodelare shownbelow.

CAISQJTILITYSCALRENEWABLES

Without a correspondingncreasein demand,the surgeof utility scalerenewableson
the Grid has causedwholesaleenergy pricesto decline. Graph 31 illustrates the
averagehourly energy price at SPd5® for 2013 through 2017. Between 2013 and
2017,the averageSPia5 pricedroppedfrom $44.9/MWhto $31.5/MWh.

Graph31: AverageAnnual SPA5 EnergyPrice
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Whilethe modelhasa detaileddatabaseof newerrenewableresourceghat are currentlyin operation,
it doesnot includeall plannedresourceghat are expectedto comeonlinein the future. By
incorporatingthe plannedCAISGOnterconnectionprojectsfor solarcapacityand energystorageinto the
productioncostmodel,the impactof new utility scalesolaron marketpricesis captured.

Graph32 belowdetailsthe total solarandenergystoragecapacitythat is anticipatedto comeonline for
2017through 2022.Thisdatawasobtainedfrom the CAISO’publishedGrid GenerationQueueasof
June2017.

8 Southof CaliforniatransmissiorPath15,a CAISQricingzonecoveringSouthernCalifornia.
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Graph32: CAlSQnterconnectionProjects
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EXISTINRESOURCES

ForeachAPUresourceor contract, staff examinedthe genericdata in the model, and updated model
input where necessaryTheinformation updated may include heat rate, minimum run time, start up
time, fuel type, variable costs,fixed costs,emissionfactor, capacity,capacityshape,plannedoutages,
area,resourcebeginningand end date, and anyother information that impactsthe unit dispatch.

NEWRENEWABLEESOURCES

1. RenewablePercentageand ContractTerms

Renewableenergywas assumedto meet current regulatory requirementsof 50%renewable
energyby 2030.Post2021,65%o0f renewablegenerationwasassumedo comefrom resources
with long term contracts,definedas10 yearsor longercontractterms.

New resourceswere layeredinto the portfolio over severalyears,which strategicallymeet all
compliancegoalswhile keepingcostsand potential over generationminimized. Table5 details
the new resourceslayeredinto the production cost model for each scenario.Contractterms
wereassumedo be 20years.

Table5: New ResourceCapacityby CandidatePortfolio

BaseloadPortfolio 2027 2028 2029 2030
BaseloadContractl 5 5 5 5
BaseloadContract2 5 5
BaseloadContract3 5
Mixed Portfolio 2027 2028 2029 2030
BaseloadContractl 5 5 5 5
Intermittent Contractl 10 10
BaseloadContract2 5 5
VariablePortfolio 2027 2028 2029 2030
Intermittent* Contractl 15 15 15 15
Intermittent Contract2 25 25
Intermittent Contract3 15
* Intermittent resourceswere modeledaswind energyto offset the larger proportion of solarenergyin Anaheim’sportfolio post
2027.
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2. RenewableResourcePrice

Priceestimatesfor baseloadresourceswere mappedto APU’smost recent baseloadresource
signedin 2017. Price estimates for intermittent resourceswere mapped to the responses
obtained from a 2017 Requestfor Proposaladministeredby SouthernCaliforniaPublicPower
Authority (SCPPAResourcesassumea 2% price escalationrate, following industry common
practice.

3. ResourcgsenerationProfile

Resourceshapeswere mappedto existingcontracts.Baseloadsolarand wind resourceswere
mapped to the most recent geothermal, solar and wind contracts in APU'’s portfolio,
respectively.

NATURAIGASPRICE

Naturalgaspriceswere derivedfrom the IntercontinentalExchang€lCEHenryHub gasforward prices
and adjustedfor basisdifferential between Henry Hub and the SoCalCity Gate. An escalationrate of
1.65%is appliedto developthe expectedgasforward curve.

CAPANDTRADEALLOWANCERICES

ThisIRPassumedhe continuationof freely allocatedcarbonallowancedor retail salescomplianceand
APU'’s practice of purchasing carbon allowancesfor compliance obligations associatedwith any
wholesaleelectricity purchasesassumingan escalationrate of 5% + the Bureauof Labor Statistics
ConsumePricelndex(CPlI).
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E.MODELANALYSISOUTPUTEVALUATION

Market simulations were conducted for each candidate portfolio. All input
assumptionswere consistent,with the exceptionof the new renewable contracts
layered into each portfolio. This allows the most accurate comparisonbetween
portfolios. The candidate portfolio’s model simulation results were analyzedand
scoredbasedon the sixperformancemeasures.

The analysisresults are summarizedin this section,with supportinginformation in
AppendixC— Portfolio EvaluatiorDetails.

50%RP&: 40%GHGREDUCTION

PERFORMANGHEASURE VARIABLE MIXED BASELOAD
RPSand GHGCompliance 3 1 2
Legend3=Best2=Middle,1=Worst

Eachportfolio meets RPSand GHGtargets, as shownin Graph33 and Graph34. While each portfolio

performedequallyin meetingrenewableportfolio standardsthe BaseloadPortfolioand Mixed Portfolio
produce slightly more GHGthan the VariablePortfolio. By 2030, the Mixed Portfolio is estimated to

producel0,150MTco2more thanthe VariablePortfolio. TheBaseloadPortfoliois estimatedto produce
2,551MTco2morethanthe VariablePortfolio. Becausall three portfolios equallymeet RPSompliance
targets,they are rankedin order of the best portfolio havingthe leastamount of GHGemissionsUsing
this raking strategy,the VariablePortfolio performedthe best, followed by the BaseloadPortfolio and

then the Mixed Portfolio

Graph33: CandidatePortfolio ResultsRPSCompliance
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Graph34: CandidatePortfolio Results:ForecastedSHGReduction
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REGULATORMSK
PERFORMANGEEASURE VARIABLE MIXED BASELOAD
RegulatoryRisk 3 2 1

Legend3=Best2=Middle,1=Worst

As discussedin SectionA. Portfolio Considerationand PerformanceMeasures,to achievethe least
amount of RegulatoryRisk,the preferred resourceportfolio should have enoughflexibility to absorb
additional renewable purchasesbeyond the current 50% RPSrequirement. The preferred portfolio
shouldalsobe sufficientlydiversifiedsothat APUminimizesthe technologicalkiskwhere onetechnology
becomesobsoleteor lesscost effective.

To addressthe potential for higher RPSargets, APUrecommendsthe portfolio with the lowest power
supplycostandthe highestdegreeof diversificationwhichis the VariablePortfolio. Pleaserefer to the
ExpectedCostand Diversificatiorsectionsbelowfor details.

RESOURGCEDEQUACY
PERFORMANGEEASURE VARIABLE MIXED BASELOAD
ResourceAdequacy 1 2 3

Legend3=Best2=Middle,1=Worst
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SystemCapacity

Although the new resourcesin each candidate portfolio will contribute to system capacity, these
purchaseswill not likely be sufficientto meet all resourceadequacyequirements.Thebaseloadsolar,
and wind contractsare estimatedto have a capacityfactor of 95%,27%,and 21%,respectively.The
system capacity values for each portfolio are summarizedin Table 5. New ResourceCapacityby
CandidatePortfolio.

Graph35 detailsthe monthly capacityshortfall for eachcandidateportfolio. In the shortrun for years
20272030,the capacityshortfallis very similarbetweenall three portfolios. Post2030,the differences
becomelargerandthe VariablePortfolio hasthe largestshortfall of capacity followed by the Mixedand
BaseloadPortfolios,respectively.

Graph35: CandidatePortfolio Results:SystemCapacityShortfall
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* Minor differencesin capacityshortfallare dueto when contractsare layeredin.

The capacity shortfalls will be supplementedwith capacity contract purchases.Costof replacement
capacityhasbeen estimatedat the average2017 market rate of $2/kW month with a 2.5%escalation
rate. The Mixed Portfolio is estimatedto save$146,730in capacitypurchaseghrough 2030compared
to the VariablePortfolio. The BaseloadPortfolio is estimatedto save$147,133in capacitypurchases
through2030comparedto the VariablePortfolio.

Table6: SystemCapacityPurchasesCost

CY2027 CY2028 CY2029 CY2030 | Total
Mixed Portfolio $50,442 $51,703 m $105,991 r $61,406 $146,730r
BaseloadPortfolio $50,442 $51,708 r $4,608 $49,597| r $147,133r

LocalCapacity

The CAISOlocal capacity requirement is determined by local energy demand and transmission
availability,and would not vary basedon resourceportfolio mix. The CAISQocal capacityrequirement
for APUhasbeenbelow 230 MW in the pastfew yearsand remainsstable. APUhasover 290 MW of

naturalgasandbaseloadenewablepower plantslocatedwithin the LABasin.
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During the planninghorizon of this IRP,APUhas sufficient local resourcesthat exceedCAISO’$ocal
capacityrequirements.In the next IRP APUwill considerthe local capacityimpactof plant retirements
andbaseloadcontractexpirations.

Graph36: LocalCapacityResourcesnd LCRRequirement
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FlexibleCapacity

Onaverage APUhasa monthly flexible capacityrequirementof 40 MW, which peaksin Decembemith
a capacityrequirementof 80 MW. Theintroduction of additionalintermittent resourceds estimatedto
increasethe flexible capacityrequirementsby 3 MW for a 20 MW solarcontractand 5 MW for 20 MW
wind contract.

As CanyonPower Plant has 194 MW of eligible flexible capacity, APUhas sufficient flexible capacity
availablethrough Canyonto meet the additional requirements for flexible capacity. The Baseload
Portfolio requiresthe leastamount of flexible capacity while the VariablePortfolio requiresthe highest
amount. Graph37 showsthat under all scenariosAPUhasample FlexibleCapacityresourceghroughout

the planningperiod:

Graph37: CAISOrlexibleCapacityRequirement
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The portfolio that requiresthe least amount of capacitypurchasess giventhe highestranking. The
BaseloadPortfolio requires the least amount of system capacity purchasesfollowed by the Mixed
Portfolio and then VariablePortfolio. Thesecostsare includedin the net power supply cost detailed
belowin the ExpectedCostparagraphs.

PORTFOLIDIVERSIFICATION

PERFORMANGEEASURE VARIABLE MIXED BASELOAD
Portfolio Diversification 3 2 1

Legend3=Best2=Middle,1=Worst

Graph38 showsthe estimatedportfolio diversificationfor eachof the candidateportfoliosin 2030.The

VariablePortfolio offers the most diversification,with 31%of the renewablegenerationcomingfrom

intermittent resourcesThisis significantlymore diversethan the Mixed and BaseloadPortfolios,which

only have 8% and 1% intermittent resourcesin their portfolios, respectfully. As diversity increases
flexibility, reliability, and performance,a higher gradingis awarded for higher diversity. The highest
diversifiedportfolio is the VariablePortfolio, thereforeit is the preferredportfolio underthis category.

Graph38: CandidatePortfolio Results:Portfolio Diversityin 2030
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EXPECTEDOST
PERFORMANGEEASURE VARIABLE MIX BASELOAD
ExpectedCost 3 2 1

Legend3=Best2=Middle,1=Worst
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One of APU’sgoalsis to minimize impacts on customer bills and to serve customersat just and
reasonablerates. As such,the total power supplycostfor eachportfolio is estimated,with lower cost
portfolios beingawardeda higherrating.

TheVariablePortfolio is estimatedto be the leastcostportfolio, costing$3.2 billion from 2019through
2030. The Mixed Portfolio is estimatedto cost an additional $15.1 million comparedto the Variable
Portfolio, and the BaseloadPortfolio is estimatedto costan additional $17.4 million comparedto the
VariablePortfolio. Gradingis awardedin order of the least costbeingthe best portfolio. TheVariable
Portfolio scoredthe highestunderthis performancemeasure.

Graph 39 displaysthe total annual power supply costs for each portfolio. Eachportfolio performs
similarlyin the first severalyearsuntil 2027,when new contractscomeonline. In the subsequentyears,
the costdifferencegrowsexponentiallywith the VariablePortfolio remainingsignificantlylessexpensive
than the other two portfolios.

Graph39: CandidatePortfolio Results:Net Power SupplyCost
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*Net PowerSupplyCost= Totalpower supplycostsnet of transmissiorrevenuesand wholesaleenergyrevenues

MARKETRISK
PERFORMANGEEASURE VARIABLE MIX BASELOAD
Market Risk 3 1 2

Legend3=Best2=Middle,1=Worst

Graph40 displaysthe estimatedfinancialexposurefrom the candidateportfolios. Financialexposureis
determinedby the percentageof wholesaleenergypurchasescomparedto systemload aswell asthe
costimpact of wholesalemarket purchasesThe market purchasepercentagedor the Variable,Mixed,
andBaseloadPortfolioswere very close,averagingd1.21%41.20%and 41.27% respectivelyfrom 2019
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to 2030;therefore, the portfolios were awardedsimilar scoresfor this criteria. However,by 2030, the
BaseloadPortfolio requires an additional $139,000annually in energy purchasescomparedto the
VariablePortfolio, and the Mixed Portfolio is estimatedto require an additional $1.2 million in energy
wholesaleenergy purchases.A higher grade is awardedto the portfolios with the least amount of
energypurchasesequired.

Graph40: CandidatePortfolio Results:WholesaleEnergyPurchaseasa %of Total EnergyPortfolio
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*Slightdifferencesin 2029and 2030are due to when contractsare layeredin.

It is important to note that market exposureis limited by the generationcapacityavailablefrom APU
resources.When the wholesalemarket price rises above predeterminedprices, all APUunits will be
dispatchedto servethe retail customers.Thepercentageof market energypurchaseswill therefore be
lower underhigherwholesalemarketprice conditions.

SUMMARY

Overallthe VariablePortfolio, whichreplacedost IPPgenerationwith intermittent renewableresources,
performedthe best. Thisportfolio wasestimatedto havea lower overallpower supplycost. It alsohas
the least amount of Regulatory Risk and resulted in the most diverse portfolio. Due to the
unpredictability of intermittent generation,this portfolio posedthe highestexposureto market price
spikesand required additional capacitypurchased¢o meet ResourceAdequacycapacityrequirements.
However,this market exposureis mitigated by the large amount of existingbaseloadresourcesunder
fixed price contracts.Additionally,an analysisof the systemivide capacitymarket indicatesthat these
resourceswill be readilyavailableat a muchlower costthan buildingnew peakingpower plantsor utility
scaleenergystoragefacilities.

The Mixed Portfolio, which replaceslost IPP generation with half intermittent and half baseload
renewableresourceswasrankedsecondoestand performedaveragelyover mostof the criteria.

TheBaseloadPortfolio had the leastfinancialexposureto market dynamicsdue to the stablenature of
baseloadgeneration. This portfolio was also ranked the highestfor ResourceAdequacyas baseload

AnaheimPublicUtilities
Page87| 206



2018IntegratedResourcePlan
VII.Resourcéortfolio Evaluation

resourceshavea high capacityvalue.However this portfolio wasalsothe most expensive providedthe
leastamountof portfolio diversificationand posedthe highestRegulatoryRisk.

Thefollowing table displaysa summaryof the performancemeasureresultsfor eachportfolio scenario
considered:

VARIABLE MIXED BASELOAD
PERFORMANGEEASURE
Compliance 3 1 2
RegulatoryRisk 3 2 1
ResourcAdequacy 1 2 3
Portfolio Diversification 3 2 1
ExpectedCost 3 2 1
ManagedMarket Risks 3 1 2
Total 16 10 10

Legend3=Best2=Middle,1=Worst
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F.STRESBESTING

Additional analysisof the candidateportfolios was conductedusing stresstests to
determine whether or not the portfolio performancewould changeunder extreme

market and load changesPortfolio simulationswere performed for eachcandidate
portfolio to addresghe following situations.

G.1.COMPONENTSFTHESTRESBESTS
TEST: EXTREMBIGHCOSTSS.EXTREMEOWCOSTS

A market simulation stresstest was conductedby simulatingportfolio performance
underextremecostsituations.Eachcaseusesthe extremehighandlow estimatesof:

resourcecosts,wholesaleenergyprices,carbon prices,and utility solargrowth into
the productioncostmodel.

GASPRICE

APUowns and contractspower resourcesthat use natural gasasa fuel. In addition, resourcedispatch
and market prices are heavily influenced by gas prices. Two standard deviationswere addedto the
expectedgasprice to developthe high gasprice scenario.One standarddeviationwas deductedfrom
the expectedgaspriceto developthe low gasprice scenario.Standarddeviationswere calculatedusing

five yearhistoricaldataof the SoCaCitygateprice. Graph41 showsthe gaspricesusedto stresstest the
three portfolio scenarios:

Graph41: StressedGasPrices
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CARBONPRICE

Ahighcarbonprice forecastwasdevelopedusinga $60increasefrom the floor price,asdiscussedn the
rulemakingfor Post2020 allowanceallocationapprovedby the CARBon July27, 2017. A low carbon
price scenariowasdevelopedusingthe floor price.

Comparedo the PreliminaryGHGPriceProjections® usedin the 2017 Integrated EnergyPolicyReport
(IEPRPemandForecast, APU’slow carbon price forecastis lower than the IEPR’dow price forecast;
APU’shigh price forecastis higher than the IEPR’igh price forecastwith the only exceptionin year
2030.APUchoseto useits own extreme carbonprice forecastasit stresseshe model more. Graph41

showsthe carbonpricesusedto stresstest the three portfolio scenarios:
Graph42: StressedCarbonPrices
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UTILITYSCALSOLARGROWTH

The high utility scale solar growth scenariowas developedassuminga 25% increaseof all current
planned CAlSOnterconnectionprojects and growth of 2.5%annuallypost 2022. The low utility scale
solar growth assumedno future CAISQOnterconnectionprojects would be built. Graph43 showsthe
solargrowth ratesusedto stresstest the three portfolio scenarios:

Graph43: StressedJtility ScaleSolarCapacityGrowth

30
25
20 o..'.Q"O00'0‘0.......00..0.......0000...0.
15 ‘...,..........
10 .
5
r

GW

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2050

HighSolarGrowh

LowSolarGrowh eeeeees ExpectedSolarGrowth

9 SeeTablel3 EstimatedRangeof Capand iTradeAllowancePrice2021-2030mf the CARRBCalifornia’s2017 ClimateChangeScopingPlan,
https://www.arb.ca.gov/cc/scopigplan/scoping_plan 2017.pdfheEstimatedCapandfradeReservePricewas$56.7abovethe FloorPrice.
Forplanningpurposesthis IRPuses$60abovethe floor pricefor stresstesting.
10TN216271_20170227T161611_Preliminary_GHG_Price_Projections__Energy_Assessment_Division
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TESP: EXTREMBIGHDEMANDVS.EXTREMEOWDEMAND

A highdemandscenariowasdevelopedby applyingextremesto the basedemandforecastdescribedin
SectionV.A.EnergyDemandForecast Methodology& AssumptionsEnergyefficiencyand solargrowth
effects were removed from the base demand forecast, and acceleratedgrowth in transportation
electrificationwasapplied. TheacceleratedeVgrowth wasassumedo be 25%aboveGovernorBrown’s
ExecutiveOrderB a6 4.2, resultingin 45,000registeredelectricvehiclesn APUby 2038.

Similarly,alow demandscenariowvasalsodevelopedby applyingextremesto the basedemandforecast
describedn SectionV.A.EnergyDemandForecast Methodology& AssumptionsElectricvehicle
growth wasremovedfrom the basedemandforecast,and doubleenergyefficiencygoalswere applied
in additionto acceleratedbehindthe meter solarcapacityinstallation. TheacceleratedPVgrowth was
estimatedto be 25%abovethe capacityforecast,and energyefficiencywasestimatedto be 3%o0f retail
load.

Graph44 below alsodisplaysPolicylnitiative Input asa comparisonwith the demandstresstest values.
The Policy Initiative Inputs incorporateshigh energy efficiency, high consumersolar installation, and
high electrictransportationgrowth assumptiondo reflect the impactof the State’spolicy initiativeson
APUload.

Graph44: StressedSystemLoadGrowth or Reduction(GWh)
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G.2.MODELRESULTGNDERSTRESBESTS

The following table displaysa summaryof the performancemeasureresults after stresstesting each
portfolio scenario.
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VARIABLE MIXED BASELOAD
PERFORMANGEEASURE
Compliance 3 1 2
RegulatornyRisk 3 2 1
ResourceAdequacy 1 2 3
Portfolio Diversification 3 2 1
ExpectedCost 3 2 1
ManagedMarket Risks 3 1 2
Total 16 10 10

Legend3=Best2=Middle,1=Worst

The model simulation results held constant for all three portfolios under the stresstests, with the
VariablePortfolio performingthe best. Beloware detailsof the tests:

Undereither stresstest of HighversusLowCostsor HighversusLowDemand the portfolio scoresof the
following performancemeasuresstayedthe same: Compliance RegulatoryRisk,ResourceAdequacy,
Portfolio Diversificationand FinancialExposure The only componentsthat could changeare Expected
Cost,or the power supplycosts,asdetailedbelow.

Graph45 displaysthe simulationresultsfor each candidateportfolio under these cost extremes.The

total portfolio costfor eachcandidateportfolio with high and low costscenariosare displayedaslines,

andtotal retail revenueis displayedin columns.TheVariablePortfolio, shownasthe greendotted line,

performsthe bestunder both high and low costmarketsituations.TheBaseloadortfolio performsthe

worst, with expensesbeing notably higher than the Variable Portfolio, but very closeto the Mixed

Portfolio costs. The scalingto retail revenueis intended as a referenceto potential rate increases
neededto supplementthe changingportfolio.
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Graph45: StressTestResults:ExtremeHigh Costsvs. ExtremeLow Costs
HighDemandGrowthvs.LowDemandGrowth
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Similarly, a load simulation stress test was conducted by simulating portfolio performance under
extremeload situations.A high load growth extremeincorporatesassumptionsof high electric vehicle
growth, low privately owned solar PV, and low energy efficiency. A low load growth extreme
incorporatesassumptionsof low electric vehicle growth, high consumerinstalled solar PV, and high
energyefficiency.Graph46 displaysthe simulationresultsfor eachcandidateportfolio undertheseload
growth extremes.

Graph46: StressTestResults:ExtremeHighDemandvs. ExtremeLow Demand
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The total portfolio cost for each candidate portfolio under high and low load growth scenariosare
displayedaslinesand total retail revenueis displayedin columns.Estimatedretail revenuefor the low
load growth scenariais displayedasonly the dark greencolumn,while estimatedretail revenuefor the
high load growth scenariois displayedas the total of the light greencolumns.The VariablePortfolio,
shownasthe brown dotted line, performsthe best under both load situations. The BaseloadPortfolio
performsthe worst, with expensesheing notably higherthan the VariablePortfolio, but very closeto
the Mixed Portfolio costs. The scalingto retail revenueis intended as a referenceto potential rate
increasesieededto supplementthe changingoadscenarios.
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G.OPTIMUMPORTFOLIRECOMMENDATION

The optimum portfolio recommendation is the
Variable Portfolio, which would replace lost IPP

generationwith intermittent renewableresources.

The Variable Portfolio performed the best under
normalaswell asstressconditions.It is estimatedto
have the least power supply cost, the least
Regulatory Risk, and most diverse portfolio. As
intermittent generation is unpredictable, this
portfolio may pose a higher exposureto market
price spikes;however, this risk is forecastedto be
very small, as under extreme market conditions
which simulated high market prices, this portfolio

performedthe best,includingcapacitypurchasesncludedin the power supplycost.

50%RPS% 40%GHGREDUCTION

Asshownin Graph47, the VariablePortfolio is in compliancewith current legislativeand regulatory
requirements,and meetsor exceedsenewableand GHGemissionreductiontargets. It is alsoprovides
the most flexibility for adjustingto potential future regulatoryor legislativechangesasopposedto the
other portfolio options.

Graph47:VariablePortfolio Meets or Exceed€ComplianceTargets
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RESOURGEDEQUACE RELIABILITY

The VariablePortfolio requires capacitypurchaseso meet resourcecapacityrequirements.Graph48
displaysthe changein capacityfrom 2019 to 2030. Capacitypurchaseswill be acquiredin 2027 to
replace the system capacity lost with the divestiture of IPP. Any increasein flexible capacity
requirementswill be met with the CanyonPowerPlant.
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Graph48: VariablePortfolio ForecastedResourceAdequacy
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DIVERSIFICATION

Graph49 belowdisplaygshe changingesourcemix underthe VariablePortfolio.
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